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PREFACE
The work which i s  presented here i s  the r e s u lt  o f two 
y e a rs1 study o f  the epidem iology of Staph, aureus in  two 
m aternity h o sp ita ls . This was undertaken because there  
was an outbreak o f severe in fe c t io n  at the end o f 1953 3n 
S t .  David*s h o sp ita l ( th e  older o f the tw o). A small survey
was made o f  the d is tr ib u tio n  o f Staph, aureus a t th at tim e, 
but as the s itu a t io n  improved a fter  the nursery and wards had 
been c lo sed  and cleaned, nothing fu rther was done. By 
November 1954 sep sis, had become a ser iou s problem once more 
and a request was made fo r  a d e ta iled  in v e s t ig a tio n . From 
t h is ,  two trends became c lea r ;
(1 )  Staph, aureus was w idely  d istr ib u ted  in  the environment 
and amongst the babies and s t a f f .
(2 )  Most o f th e  le s io n s  were a s s o c ia te d  w ith  th e  p resence  o f 
a  s in g le  s t r a i n  o f  th e  organism , a lthough  i t  was n o t th e  most 
cannon one.
The problem  o f s tap h y lo co cca l in f e c t io n  o f th e  new-born 
has been approached in  two ways accord ing  to  th e se  two 
o b se rv a tio n s , which m ight be d e sc rib ed  a s  q u a n t i ta t iv e  and 
q u a l i ta t iv e :
a) Why i s  t h is  organism so common in  m aternity h osp ita ls^
How i s  i t  introduced and spread and how can i t s  d issem ination  
about the h o sp ita l he prevented?
b) I s  there a d ifferen ce  in  the behaviour o f d if fe r e n t  
stra in s  as id e n t if ie d  by phage -typing, some being co n stan tly  
more v iru len t than others? And i f  th is  i s  the case , can th is  
d ifferen ce  be demonstrated in  any in  v itr o  te s ts?
This th e s is  i s ,  th erefore , d ivided in to  two s e c t io n s ,  
one on epidem iology and the other on the v iru len ce  o f d if fe r e n t  
phage types o f Staph, aureus. Most o f the work was carried  out, 
not in  the o ld  h o sp ita l where the ser iou sn ess o f the problem 
was f i r s t  appreciated, but in  a new one, the C ard iff M aternity  
H osp ita l, which was opened a t the end o f A p r il, 1955. The 
opportunity o f in v e stig a tin g  the incidence o f stap h ylococci 
among the s t a f f  and in  the b u ild in g  before the h o sp ita l was 
opened for p a t ie n ts  was a very valuable one.
The main work has been described in  narrative form rather  
than w r itten  up as an experim ent, fo r  each in v e s t ig a tio n  le d  to  
another one and chance observations o ften  formed the b a s is  o f  
the next part o f the study. Some laboratory experiments are 
described sep arately  in  Appendix I  and I I .
A l i s t  o f the a r t ic le s  or hooks which I  have read  
and referred  to  i s  g iven  a t the end o f the th e s is .  I t  i s  
arranged a lp h a b e tica lly  according to  the name o f  the author.
The word 'staphylococcus* occurs freq u en tly  in  th is  work. 
I  use i t  to  mean Staph, aureus u n less i t  i s  s p e c if ic a l ly  
sta ted  otherw ise.
I  would l ik e  to  thank a number of people who have helped  
me in  th is  work: Dr. R. E. 0 . W illiam s for  teach ing me
staphylococcal phage typ ing; Dr. J . Marks fo r  h is  in te r e s t  
and encouragement; Dr. C. C. Spicer fo r  advice on the 
s t a t i s t i c a l  a n a ly s is  of the r e s u lt s  in  Appendix I ,  and 
Dr. J . M. Dixon fo r  p u ttin g  down s e t t l in g  p la te s  when I  had to  
leave ny in v e s tig a tio n s  in  May 1955- I am a lso  g r a te fu l to  
Mr. J . Rapper o f  the Pathology department at C ardiff Royal 
Infirmary fo r  the photographs.
L a stly , I  am very much indebted to  Miss Dorothy Slade  
who has been responsib le  fo r  typing th is  th e s is  and to  my 
husband, Dr. C. H. J e lla r d , fo r  help  w ith  reading and 
correcting  the ty p e sc r ip t .1'
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HISTORICAL INTRQDUCTICSf
The h is to r y  o f  staph ylococca l in fe c t io n  o f the newborn 
f a l l s  n a tu ra lly  in to  four p er iod s. The f i r s t  i s  the time 
"before the d iscovery  o f  b a c ter ia , when ex ten siv e  outbreaks 
o f pemphigus neonatorum occurred, p a r t ic u la r ly  in  the large  
m aternity h o sp ita ls  on the C ontinent. M o rta lity  was high  
and the s tr ik in g  c l in ic a l  p ic tu re  and obviously  contagious  
nature o f  th e  d isea se  le d  to  the p u b lica tio n  o f a number o f  
ep id em iolog ica l s tu d ie s . Once the b a c te r ia l cause o f  
in fe c t io n s  was recognised th e  second p eriod  was entered upon, 
w ith  a search fo r  the resp on sib le  organism  This continued  
u n t il  the 1920s and was carried  on m ainly in  America because, 
during the f i r s t  worldi war, the d isea se  in  i t s  h ig h ly  f a t a l  
epidemic form appeared in  many m aternity h o sp ita ls  th ere .
The th ird  period  began when the staphylococcal a e tio lo g y  was 
f in a l ly  determined and t h is  organism began to  be stu d ied , both  
regarding i t s  in  v itr o  p rop erties  and i t s  d is tr ib u tio n  among 
the population . The high ca rr ier  ra te  o f  p o te n t ia l ly  v iru len t  
staph ylococci among nomnal people made the problem o f preventing  
in fe c t io n  seem in so lu b le . The la s t  period has seen a 
continuation  o f  th is  work, perhaps w ith  a s l ig h t ly  more hopeful 
outlook. The d iscovery o f  antim icrob ia l agents, advances in  
typing and c la s s i f ic a t io n , s tu d ies  in  a ir-hygien e and 
prevention o f  c r o s s - in fe c t io n  a l l  in d ica te  ways in  which the 
staphylococcal problem may be tack led . At the same time the 
appearance o f  a n t ib io t ic  r e s is ta n t  organisms and the emergence
o f what seem to  be h ig h ly  v ir u le n t s tr a in s  have made the  
s itu a t io n  more ser io u s than ever b efore .
As much o f  t h is  la t e r  work was published sin ce  1954- 
(when my own in v e s tig a tio n s  began) I  propose to  d iscu ss  the  
h is to r y  o f  t h i s  subject up to  th a t date, and th e  more recent 
work a fte r  a d escr ip tio n  o f  my own s tu d ie s .
1 s t  Period; Before t he D iscovery o f  Bac t e r ia
We now know th at staphylococcal in fe c t io n  o f  the newborn 
may have various c l in ic a l  forms o f  d if fe r e n t s e v e r ity , from 
sm all s e p t ic  spots and m ild s tic k y  eyes to  m assive c e l l u l i t i s ,  
septicaem ia or purulent in fe c t io n s  o f  body c a v it ie s .  There 
are few referen ces in  the e a r lie r  l ite r a tu r e  to  t h is  kind o f  
c l in ic a l  p ic tu re . The form which caused most o f  th e m o rta lity  
and m orbidity in  the n in eteenth  and ea r ly  tw en tieth  cen tu r ies  
was the a f fe c t io n  o f  the sk in  known as pemphigus neonatorum. 
This was e s s e n t ia l ly  a  s u p e r f ic ia l sk in  con d ition , w ith  the 
b u lla  as the d iagn ostic  fea tu re , which in  severe cases  
dieveloped in to  e x fo lia t iv e  d erm atitis . This c l in ic a l  syndrome, 
however, has other causes, which was resp on sib le  fo r  much 
confusion in  the p a s t. I t  i s  d i f f i c u l t  to  t e l l  whether the 
other m an ifestation s o f staphylococcal in fed tio n  which we 
recognise nowadays a lso  occurred; pemphigus neonatorum was the
one which was always described. I t  was a lso  c a lle d  in f a n t i le  
pemphigoid (C ole & Ruh, 1914), pyoderm atits neonatorum 
( Reed, 1929), epidemic staph ylococca l v e s icu la r  derm atitis  
( P a l ls ,  1916) and bullous; im petigo contagious o f in fa n ts  
(Knowles & Munsan, 1923).
Ochene, who wrote in  1773, i s  quoted hy Cole & Ruh as 
providing the f i r s t  d escr ip tio n  o f t h i s  as an independent
3£
d isea se , but according to  Rayer (18 3 5 ), Charles L ep ois described  
a case o f pemphigus in  an in fan t in  1618. The textbook o f  
Brocq (1902) -  "La Praotique Dermatologique" -  i s  an e x c e lle n t  
source o f  e a r ly  referen ces. In an h is to r ic a l  simmaiy the 
author s a y s . . . Mdepuis long temps on connait 1* e x is t  ance d’epidem ies 
d* eruptions b u lle u ses . Thierry en 1736 en a r e la te  une chez le s
aoldats fra n ca is  qui occupaient Prague.. .main c , e s t  surtout chez 
l e s  en fan ts que survennent l e s  semblement epidem ies, d’ ou l e  non 
qu’a £ te  donne^a c e t te  a ffe c t io n  de Pemphigus epidemique des 
nouveau-nes." He considers that the f i r s t  in c o n te s tib le  
d escr ip tio n  o f  an epidem ic o f pemphigus o f  the newborn was g iven  
by Rigby in  1835 in. "Dr. Rigby’ s Midwifery H o sp ita l. Report s ."
quotation from th is  paper g iv e s  a good idea o f  the behaviour 
o f  the d isea se  a t th is  time: "During the la s t  year, a d isease
has p rev a iled , to  a considerable ex ten t, among the ch ildren  born
in  h o sp ita l, which i s  otherw ise o f  rare occurrence, v iz . the
x quoted by Brocq.
pemphigus in f a n t i l i s ,  appearing on the d if fe r e n t  p a r ts  o f  
the "body, p a r tic u la r ly  the face and neck, in  minute ■vesicles, 
which gradually  increase in to  b u lla e , and which b u rst, 
leav in g  a raw discharging surface: the ichorous f lu id  which 
i s  secreted  in o cu la tes  the surrounding p a r ts , and t h is  keeps 
up the d isea se  fo r  some tim e. G enerally speaking the 
ch ild ren  have recovered from i t ,  but in  two or th ree i t  has 
spread to  a great ex ten t, and produced such c o n s t itu t io n a l  
ir r i ta t io n  as has proved fa ta l ."  A fter  describ in g  some o f  
the ca ses  he goes on: "This d isea se  was not confined to  the
ch ild ren  only but some o f  the mothers had sp o ts , Mrs. Martyn 
(th e  mother o f a c h ild  who died) in  p a r tic u la r , and in  a few  
days a f te r  the post-mortem examination during which I  pricked  
m yself, sev era l spots made th e ir  appearance on my fa ce  and 
ch est, which were some days before they healed , and to  the 
pain  and ir r i ta t io n  which they ex c ited  I can t e s t i f y ."
Brocq r e fe r s  to  a number o f other papers which were 
published between th is  time and 1880, ending w ith  an account 
o f  the work o f E. Y id a l, who, in  1875, stud ied  f i f t y  ca se s  
in  the m aternity department o f the h o sp ita l o f  Saint-L ouis  
in  P a r is . He continues: "Apres ces observations p r e c ise s ,
la  nature contagieuse e t  epidemique de e e t te  a ffe c t io n  ne
/N  /
pouvait p lu s e tre  mise en doute. Des recherches recen tes  
sont venues m ettre ces f a i t s  en complete lum iere. . . . . "  and
here fe llo w s  a l i s t  o f  tw enty-three papers w r itten  before  
1880 and 1900. From th e ir  t i t l e s  alone i t  may he seen th a t  
epidem ics o f  pemphigus o f the newborn were occurring o ften  
enough to  be a problem in  France, Germany, Scandinavia,
A u str ia , Hungary, R ussia, Hong Kong, America and B r ita in .
One paper o f p a r ticu la r  in te r e s t  was published in  
England much e a r lie r  by T ilbury Fox, in  1864. He described  
a d isease  which he c a lle d  Impetigo contagiosa or Porrigo, and 
which he sa id  was d if fe r e n t from both ordinary im petigo and 
pemphigus. I t  o ften  follow ed on vaccin ation  and u su a lly  
occurred in  ch ild ren . I t  was ch aracterized  by u m b ilif ica tio n , 
purulent con ten ts, and by i t s  h ig h ly  contagious nature, which 
was proved by in ocu la tio n  stu d ies  w ith  m ateria l from a le s io n .  
This may have been the kind o f non-bullous in fe c t io n  which we 
see nowadays.
Although the contagious nature o f the d isease  was by now
in  no doubt, there was a good deal o f confusion about i t s
x
a e tio lo g y . Dev.-ergie, who made a c la s s i f ic a t io n  o f pemphigus 
in  1863, described pemphigus o f the newborn as being always 
s y p h i l i t ic .  Brocq re fer s  to  nle s  d iscu ssio n s s i  passionn^es 
qui ont l i e u  dans l e s  s o c ie te s  savantes de 1835 a. 1875 sur l e  
pemphigus s y p h i l i t ic  ou n o n -s y p h il it ic .” An in te r e st in g  paper 
belonging to  t h i s  era i s  th a t o f Kilham, published in  America
x quoted by Brocq.
5 .
in  1889. He d escr ib es , as r a r i t ie s ,  two sm all outbreaks o f  
pemphigus neonatorum, and goes on to  say: "I am unable to
fin d  any l it e r a tu r e  on the su b ject in  American and v e iy  
l i t t l e  in  E n g lish  works, though many sporadic oases have been  
reported, and a lso  cases o f s y p h i l i t ic  pemphigus. Very 
remarkable epidem ics have occurred from tim e to  time in  the 
great M atern ities on the C ontinent, the most notable being the 
one in  P aris in  1867, reported by Hervieux, in  which 150 cases  
were observed; the one in  1869 in  H a lle , of one hundred cases  
reported by Olshausen; and the one in  Dresden in  1878-9, in  
which 170 c a se s  were reported by Winkel. Olshauseri, Koch and 
Dohrn report epidemics fo llow in g  in  the wake o f c er ta in  midwives, 
one woman enjoying the experience of 23 ca ses  in  her p r a c tic e ,  
w hile 200 in fa n ts  d e livered  by other midwives in  the same c i t y  
escaped. A ll  observers agree th at the season o f  the year, sex  
and co n stitu tio n  o f the ch ild  have no e f f e c t  e ith e r  on the 
development o f the d isease  or on i t s  usual benign course. 
Regarding the a e tio lo g y  of the d isea se , the question s t i l l  hangs 
in  th e  balance. Henoch sta ted  that he had seen only sporadic  
ca ses . Bohn regards i t  as only the desquamation which occurs 
p h y s io lo g ic a lly  in  the f i r s t  week, enormously increased by sane 
e x te rn a l!  ir r i ta t io n , a s , fo r  in stan ce, baths o f  too  h igh  a
temperature. Among those who have p erso n a lly  observed the  
d isea se  in  in s t i t u t io n s ,  the weight o f opin ion i s  decided ly  
in  favour o f i t s  being contagious. Numerous experim ents 
have been tr ie d  in  in ocu la tin g  both the lower animals and 
man, but w ith  u n sa tisfy in g  r e s u lt s .  In three ca se s , 
in o cu la tio n  produced a b leb , but no crop o f  v e s ic le s .  In
sev era l c a se s , mothers have developed s in g le  b leb s on the  
b rea st, and nurses on the f in g e r s . The b a c il lu s  i s  sa id  to  
have been discovered by B irch -H irsch feld , and in  1881, by 
G abbier.. .  A gainst the common assumption th at pemphigus in  
the newborn i s  always s y p h i l i t ic  may be urged th at there are 
no other s ig n s  o f s y p h il is  and th a t recovery takes p la c e  
w ithout m edication .”
2nd Period: The search for  a B a c ter ia l Course o f  Pemphigus.
Kilham was not p a r tic u la r ly  in tere sted  in  b a cter io lo g y , 
but among those who were, much work was in  progress on the 
a e t io lo g ic  agent o f the d isea se . Prom the time th at co cc i 
were f i r s t  seen in  s e p t ic  le s io n s  (Koch 1879) and c u ltiv a ted  
in  broth (P asteur, 1880) and on s o lid  media (Rosenbach, 1884), 
attem pts were made to  d iscover the b a c te r ia l cause o f  the  
pemphigus le s io n . Most workers considered th is  to  be a  
coccus; seme sa id  staphylococcus, others strep tococcus, and 
sane thought th at there was an organism which was s p e c if ic  
to  the d isea se . Demme, in  1886, i s  sa id  to  have been the
f i r s t  to  c u lt iv a te  an organism, described as a non-chromogenic 
dip lococcus, from a case o f  pemphigus neonatorum ( P a l ls ,  1917). 
F a l ls ,  who produced sev era l papers on pemphigus neonatorum, 
wrote in  1917 th a t "the cau sative  organism i s  a s tr a in  o f  
Staphylococcus aureus, in d istin g u ish a b le  c u ltu r a lly  and 
b io lo g ic a l ly  from other s tra in s  o f staphylococcus, but d if fe r in g  
under cer ta in  circum stances m orphologically and showing 
d if fe r e n t  pathogenic tenden cies."  He described how he produced 
a v e s ic le  in  h is  own skin  by in ocu la tin g  stap h ylococci which he 
had cultured from a le s io n , and from which he recovered the 
organism. McCandlish, who wrote a good account o f the d isease  
and i t s  h is to r y  in  1925, sta ted  th a t Matzenauer showed th at 
Staph.aureus was the a e t io lo g ic  agent, causing both im petigo  
contagiosa and pemphigus neonatorum. A paper by Cole and Ruh, 
which was published in  America in  1914, summarizes the work done 
on the b a c te r ia l cause o f the d isease: "There has been much
d iscu ssio n  concerning the a e t io lo g ic  agent o f the d isea se .
Kaposi b e liev ed  i t  to  be sim ply an increased  p h y sio lo g ic  
e x fo lia t io n  taking p lace a fte r  b ir th  and others o f  the older  
w riters  mentioned n y c o s is , w hile Vargas in  h is  cases thought 
th at to x in s  were to  blame. The fo llow in g  authors found the 
staphylococcus in  the skin le s io n s  in  a number o f  cases: 
Lewandowsly, Engmann, C a ll, Macguire, Schwartz and Kohler.
D e lla  Favera and Hofmann not only found the staphylococcus
in  the v e s ic le s ,  hut a lso  in  the b lood . Almquist in  1890 
stud ied  an epidemic in  the M aternity H osp ita l in  G-otteriborg. 
D esp ite  a l l  attem pts at d is in fe c t io n  and is o la t io n , the  
epidiemic la s te d  s ix  months, and 134 o f the 216 ch ild ren  
were attacked and four died. Severa l o f the mothers were 
a lso  a ffec te d  w ith  le s io n s  on the b rea st. He regu larly  
is o la te d  an organism much lik e  Staph, aureus w ith  which he 
inoculated  h im se lf and produced v e s ic le s .  He considered, 
however, on account o f c u ltu ra l c h a r a c te r is t ic s , th at i t  
should be d if fe r e n t ia te d  from the staphylococcus. C legg 
and Wherry have iso la te d  a d ip lococcus much l ik e  Almquist *s 
organism, which they term Micrococcus pemphigi contagiosa .
They s ta te  th at i t  was found by them in  a l l  o f  the f iv e  cases  
in v estig a ted  by them in  the Manila C iv il  H o sp ita l. Moreover, 
they s ta te  th a t p r a c t ic a lly  every c h ild  in  th is  h o sp ita l has 
pemphigus neonatorum. Manson has a lso  found a d ip lococcus, 
w hile H olt, in  one case, found the staphylococcus, streptococcus  
and B. l a c t i s  aerogenes a t necropsy. F oerster  a s se r ts  th at  
there i s  no one cau sative organism, w h ile  Bloch in  a c a re fu lly  
studied  s e r ie s  o f 15 cases from Baginsky*s c l in ic ,  found on 
th e  e ig h t coming to  necropsy, pure cultures o f s trep to co cc i 
in  the blood and stap h ylococci in  the sk in  le s io n s . He 
thought th at in  a l l  o f  them there was a mixed in fe c tio n  and 
th at the s trep to co cc i worked the d e le ter io u s  in flu en ce . The
m ajority o f  w r ite r s , however, f e e l  th a t the staphylococcus 
hears an a e t io lo g ic  r e la t io n  to  1iie d isease ."
I t  was Sabouraud who was resp on sib le  fo r  the confusion  
between s trep to co cc i and stap h y lococc i. He used serum broth  
as an enrichment medium fo r  the m ateria l he examined, and 
iso la te d  strep to co cc i from the m ajority o f pemphigus le s io n s .  
He in s is te d  th a t i t  was th is  organism which caused the d isea se , 
and th a t the staphylococcus was m erely a secondary invader.
The controversy la s te d  fo r  nearly  th ir ty  y ea rs . In 1927, 
Haxthausen described how he was able to  f in d  the r e la t iv e  
number o f  s trep to co cc i in  le s io n s  from various sk in  d isea se s  
by using a p la te  contain ing c r y s ta l v io le t .  The numbers 
iso la te d  from cases of pemphigus neonatorum were so sm all and 
so inconstant th a t he considered th at t h is  organism could not 
be the a e t io lo g ic a l  agent, and decided in  favour o f  the staphy­
lococcu s.
Another’ con tra v ersia l p o in t was th e re la tio n sh ip  to  
im petigo contagious and to  e x fo lia t iv e  d erm atitis (R itter * s  
d ise a se ) . Gole and Ruh, in  the paper already quoted, conclude 
th a t the former i s  a separate d isea se , caused by the s trep to ­
coccus. They add, "There i s  one rare type o f im petigo, 
however, from which we must admit th at in fa n t i le  pemphigus
can w ithout question  he contracted . We r e fe r  to  im petigo  
Bocfchart Staphylogenes, a d isea se  characterized  hy is o la te d ,  
d isc r e te , th in , v a rn ish -lik e  c r u s t s . . . ."  The authors a lso  
considered th at R itte r * s  d isea se  i s  simply a m alignant type  
o f  pemphigus.
I t  may he guessed, from these American papers, th a t the  
d isease  in  i t s  h igh ly  in fe c t io u s  and v ir u le n t form had appeared 
on the other s id e  o f the A tla n tic  a fter  the turn o f the century. 
I t  i s  in te r e s t in g  to  specu late  on the reasons fo r  t h i s .  I t  
may have been because more confinements were taking p lace  in  
M aternity H osp ita ls  in  the S ta te s , so th a t newborn b ab ies were 
crowded together in  n u rseries . There was very l i t t l e  knowledge 
a t th a t time o f  how organisms are spread in  h o s p ita ls , and 
consequently c r o s s - in fe c t io n  would be common. Numerous papers 
are a v a ila b le  which g ive  d e ta i ls  o f some o f th ese  catastrop h ic  
epidem ics. F a l ls ,  fo r  example, described an epidemic in  
Chicago in  1916 in  which there were 100 cases and 4  deaths. 
Knowles and Munson in  1923 gave some m o rta lity  ra te s  from recent 
ep idem ics:- 30% found by B iddle in  D e tro it in  1911, 23% o f  27 by 
Schwartz in  New York in  1908, 33% o f  30 by Knowles in  
P h ilad elph ia , 30% by Pusey in  Chicago and h a lf  o f  the a ffec ted  
number o f in fa n ts  in  a sm all outbreak in  P h iladelph ia  recorded  
by H a r tze ll. In the outbreak described in  1914 by Cole & Ruh 
there were 9 cases and 1 death.
Moat o f  these workers were concerned w ith  the term ination  
o f  an outbreak once i t  was e sta b lish e d , rather than how to  
prevent the in fe c t io n  from entering th e h o s p ita l. In  1927* 
P a l ls  wrote a paper d iscu ssin g  th e  o r ig in  o f  th e d ise a se ,  
which he n o ticed  occurred in  w e ll run u p -to-d ate  h o sp ita ls  as 
w e ll as in  o ld -fash ion ed , in e f f ic ie n t  ones, and attacked  
h ealth y  b ab ies as o ften  as the s ic k . He considered th a t the 
in fe c t io n  might be introduced by anyone who had a staphylo­
cocca l le s io n  such as a b o i l ,  not only by those w ith  pemphigus 
or im petigo. This was a new conception. I t  was d iscussed  
in  1931 by Swendson and Lee; they ccemented th at i f  i t  were 
tru e, "the avenues o f in fe c t io n  become a p p a llin g ly  numerous." 
There was no idea  at t h is  time o f  symptomless ca rr iers;  
in fe c t io n  was seen to  spread from ch ild  to  c h ild , presumably 
by the midwife, who, i f  she did not a c tu a lly  have a le s io n ,  
probably carried  the contagion on her hands or c lo th e s ,
(Cole & Ruh, 19*14). B eld ing, w ritin g  in  1926 had advanced 
views, which preceded the d iscovery of n a sa l ca rr iers  by ten  
years: "The p r in c ip a l source o f human transm ission  i s  the
nurse. In the nursery she i s  in  constant intim ate contact 
w ith  the in fa n ts  and serves as a means of mechanical tran s­
m ission  even i f  not a true ca rr ier . The outbreak (d escrib ed  
in  t h i s  paper) on the second f lo o r  12 days a fte r  the f i r s t  
follow ed c lo s e ly  the tra n sfer  o f a nursery nurse from the f i r s t  
to  the second f lo o r . The p o s s ib i l i t y  o f true ca rr iers  among
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the nurses or attendants must always he considered, hut th e ir  
d etec tio n  i s  most d if f ic u lt ."  Some o f  the preven tive  
measures recommended hy w r iters  at th is  time are su rp r is in g ly  
modern. Swenelson and Lee, for  example, considered th a t a
doctor should he appointed to  he in  charge o f  prevention  in  
each h o sp ita l and th at a three nursery system should he s e t  up 
so th at new-horn hah ies should he separated from those already  
in fec ted  and those exposed to  in fe c t io n .
E n glish  midwifery a t th is  time was not a ffec te d  hy th ese  
la r g e -sc a le  outbreaks, prohahly because most confinements s t i l l  
took p lace  at home. Sm all outbreaks o f pemphigus did occur, 
however, in  dom iciliary  p r a c tic e , which could o ften  he traced to  
th e wake o f  one p a r ticu la r  midwife. For example, Smith, in  
1910, described a * malignant outbreak* which occurred in  the  
p ra ctice  o f  one midwife, in  which three out o f four hahies died. 
Robertson in  1914 r e fe r s  to  f iv e  outbreaks in  midwifery p ra ctice  
in  Birmingham in  the p ast e ig h t yea rs , in  one o f which f iv e  out 
o f  th ir tee n  hah ies died. In 1i925 the d isea se  was ser iou s enough 
to  deserve the p u b lica tio n  o f a pamphlet hy the Central Midwives 
Board. Pemphigus neonatorum was described as a rare hut h igh ly  
contagious d isease o f the sk in  o f the new-horn, which occurred 
u su a lly  between the 4th and 14th  day. The source o f the in fe c t io n  
was thought to  he the midwife in  most ca ses , and preventive  
measures included ea r ly  reporting o f cases and d etection  and 
is o la t io n  o f the person responsib le  fo r  the spread. In 1929 
two papers appeared in  the Lancet describ ing the type o f  staphy­
lo co cca l in fe c t io n  which was prevalent in  B r ita in  a t th a t time* 
C o llin s  and Campbell w ro te:- "There does not appear to  have 
been a iy  ser iou s epidemic in  t h is  country ( o f  pemphigus 
neonatorum) fo r  a long period , but during recent years there  
has been a v e iy  considerable increase in  the number o f cases  
a r is in g  in  maiy areas throughout the country." They describe  
a s e r ie s  o f  f i f t y  cases which occurred in  dom iciliary  p ra c tice  
and which were d e f in ite ly  traced  to  a p a r ticu la r  m idwife. She 
had no s e p t ic  le s io n  so i t  was concluded th a t symptcmless 
carriage must be p o s s ib le . Benians and Jones described two 
outbreaks o f pemphigus neonatorum -  again a rare but h ig h ly  
contagious d isease  -  one o f  which was traced to  a nurse w ith  a 
b o i l .  Staph, aureus was a lso  found on normal b ab ies, in  the nose 
and on the u m bilica l cord. The authors conclude that the 
organism can be carried  in  what appears to  be a. harmless form.
By the m id-nineteen t h ir t ie s  the d isea se  had spread to  
m aternity h o sp ita ls  in  th is  country. Poole and W hittle  
described an outbreak in  a Cambridge h o sp ita l in  1935 which was 
thought to  be spread by a nurse. They say that "the epidemic 
form o f  pemphigus neonatorum has been rare u n t i l  com paratively  
recen tly , but i s  now beginning to  c o n stitu te  a ser io u s h o sp ita l  
problem." In the same year, Smith gave an account o f an 
outbreak o f staphylococcal pneumonia in  a m aternity h o sp ita l  
which k i l le d  four in fa n ts . This was preceded by sev era l cases
o f s e p s is  among "babies and mothers, whioh included c e l l u l i t i s  
and "breast ab scesses but no pemphigus. Apparently normal 
bab ies were swabbed and tw elve out o f f i f t e e n  were found to  
g ive  very heavy growths o f  Staph, aureus. This i s  the f i r s t  
d escr ip tio n  which I  have found o f the type o f outbreak which 
i s  so ccmmon to-d ay . Another outbreak o f pneumonia was 
described by McG-regor in  Edinburgh in  1936. E ight out o f ten  
cases were under a year o ld , and as there was no in flu en za  in  
the c i t y  a t the tim e, i t  was suggested th at there was increased  
prevalence or v iru len ce  o f the staphylococcus. Severa l other  
papers s tr e s s  the increasin g  importance o f  staphylococcal 
in fe c t io n s  o f  infancy in  th is  country. Carter and Osborne 
introduced a paper in  1936 w ith , "the nomenclature i s  un­
s c ie n t i f i c  and m isleading, the a e tio lo g y  more than uncertain."
The d isease  had been present in  th e ir  area since 1926, and in  
1933 there were 54 cases of pemphigus and many o f f o l l i c u l i t i s ,  
w ith a m o rta lity  ra te  o f 36^*
3rd Period: Epid em io log ica l and Laboratory S tudies o f the  
Staphylococcus.
As th ese  epidemics became more common and severe, i t  became 
a matter o f  urgency to  determine the o r ig in  o f the in fe c t io n  in  
order to  d iscover b e tte r  ways o f  preventing i t .  At the same time 
d isco v er ie s  were being made in  the course o f  laboratory stu d ies
about th e  p ro p e r t ie s  o f th e  s tap h y lo co ccu s, and hy  epidem io­
lo g ic a l  in v e s t ig a t io n s  in to  i t s  d i s t r ib u t io n .  These le d  to  a  
new a t t i tu d e  to  th e  d is e a se , which was r a th e r  more p e s s im is t ic  
th an  b e fo re . S taph , aureus was found to  be much more w idely  
spread  among th e  p o p u la tio n  th an  had p re v io u s ly  been r e a l i s e d ,  
and t h i s  common form of th e  organism appeared to  be i n d i s t i n ­
gu ish ab le  from th a t  re sp o n s ib le  fo r  th e  most severe  d is e a s e .
To i l l u s t r a t e  the  despondence caused by th e se  f in d in g s , a 
q u o ta tio n  may be made from a paper p u b lish ed  by Brewer in  1937* 
"as  the  staphylococcus i s  alm ost u n iv e rs a l ly  e p ip h y tic  upon 
human hands and cannot be d is lo d g ed , anybody can spread  i t . . . .  
The cases  ( i n  th e  ou tbreak  which he d e sc rib e s )  were is o la te d ,  
b u t as th e  on ly  is o la t io n  l i k e ly  to  be o f a v a i l  i s  i s o la t io n  
from human f in g e rs  -  which i s  im possib le  -  th e  i s o la t io n  was 
as f u t i l e  as i t  was expected  to  b e ."
The c h ie f  d iscovery which brought about th is  change in  
a ttitu d e  was th at o f the high ca rr ier  rate in  normal people. 
Hallman in  America made the f i r s t  study in  1937; and found a 
ca rr ier  ra te  for  coa g u la se-p o sitiv e  staph ylococci in  272 normal 
children o f 58*i$ and in  109 normal students o f 36 
McFarlan made a sim ilar in v e s tig a tio n  in  B r ita in  in  1938 and 
found th a t 34^ ° f  "101 students carried  staph ylococci which 
gave alpha ly s i s .  G ille s p ie , Devenish and Cowan in  the
fo llo w in g  y e a r  made a more d e ta i le d  s tudy  o f  s tap h y lo co cca l 
c a r r i e r s .  They to o k  n a s a l  and sk in  swabs from 159 m edical 
s tu d en ts  f o r  e ig h t months and found th e  n a sa l and sk in  c a r r ia g e  
r a te s  to  be 43*3$ and 19*9$ re s p e c tiv e ly .
At about th e  same tim e, much work was be in g  p u b lish e d  on 
th e  p a th o g e n ic ity  o f s tap h y lo co cc i and how t h e i r  v iru le n c e  
could  b e s t  be determ ined . Now th a t  th e se  organism s had been 
shown to  be w idespread , i t  was im portan t to  f in d  i f  th e y  were 
a l l  e q u a lly  v i r u le n t .  A lthough coagulase and haem olysins had 
been reco g n ised  s in ce  th e  beg inn ing  o f th e  cen tu ry , t h e i r  
r e l a t iv e  im portance in  th e  p a th o g en esis  o f in fe c t io n  had never 
been made c le a r .  P igm entation  of th e  c o lo n ie s  was o f te n  the  
only  c r i t e r io n  used, or haem olysis on o rd in a ry  b lood  agar 
p la te s  -  which, be ing  o f horse  blood, to ld  n o th ing  o f  a lpha  
ly s in .  As e a r ly  as 1928, Dudgeon and Hope Simpson compared 
v iru le n c e  w ith  th e  in  v i t r o  c h a r a c te r i s t i c s  o f d i f f e r e n t  s t r a in s .  
In  1934, Chapman, B erens, P e te rs  and C urcio  p u b lish ed  a 
comparison o f coagulase and haem olysis as m easures of pathogen­
i c i t y .  O ther s tap h y lo co cca l p ro d u c ts  and p ro p e r t ie s  were 
d iscovered  over the  nex t 20 y e a rs , such as b e ta , gamma and d e l ta  
ly s in s ,  h y a lu ron idase  and f ib r in o ly s in .  I t  became g e n e ra lly  
reco g n ised , however, fo llo w in g  th e  work o f C ruickshank in  1937, 
th a t  coagulase was the  f i n a l  c r i t e r io n  o f s tap h y lo co cca l p a th o ­
g e n ic i ty .  I t  was t h i s  knowledge which gave th e  h igh  c a r r ie r
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r a t e s  o f c o a g u la se -p o s itiv e  s tap h y lo co cc i t h e i r  s ig n if ic a n c e . 
Each one o f th e se  c o a g u la se -p o s itiv e  s tap h y lo co cc i had, fo r  
la c k  o f a  more s p e c if ic  t e s t  o f p a th o g e n ic ity , to  he assumed 
to  he f u l l y  v i r u l e n t .
When h o s p i ta l  s t a f f  came to  he swabbed -  e s p e c ia l ly  those  
working in  th e a tre  -  th e  c a r r i e r  r a t e  was found to  be even 
h ig h e r. H a rt in  1937 d e sc rib e d  one o f 60 -  8Q%. I t  was 
obv iously  im possib le  to  exclude a l l  th e se  c a r r i e r s  and th e re  
seemed to  be no way of f in d in g  out which s t r a in s  were l i k e ly  
to  be dangerous -  so the  s i tu a t io n  was n o t an encouraging one. 
At th i s  p e rio d , however, s tap h y lo co cc i were n o t as im portan t in  
h o s p i ta ls  as s tre p to c o c c i ,  and p re v e n tio n  o f c ro s s - in fe c t io n  
w ith  the l a t t e r  was s t i l l  th e  more p re s s in g  problem .
4 th  P e rio d : A n tib io t ic s ,  phage ty p ing  and the  study  of
6 r o s s - I n f e c t io n .
With th e  in tro d u c tio n  o f the sulphonam ides and p e n ic i l l i n ,  
i t  seemed as i f  b o th  problem s were about to  be so lved . But as 
e a r ly  as 1945 p e n i c i l l i n - r e s i s t a n t  s tap h y lo co cc i were be ing  
observed (S p ink , H a ll and F e r r i s )  and by 1948 were as h ig h  as 
3^6 in  one h o s p i ta l  (B arber and Rozwadowska-Dowzenko, 1948).
S ince th en , the  problem  of h o s p i ta l  c ro s s - in fe c t io n  w ith  
a n t ib io t i c - r e s i s t a n t  s tap h y lo co cc i has become one o f th e  most 
. im portan t of modern m edicine, and th e  h is to ry  of s tap h y lo co cca l
in fe c t io n s  o f .th e  new-horn i s  c lo s e ly  lin k ed  to  the larger  
one o f c r o s s - in fe c t io n  in  gen era l. The search fo r  ways o f  
preventing t h is  may he sa id  to  have taken three d irec tio n s:  
stu d ies  o f  a ir  hygiene; o f ca rr iers  and th e ir  importance in  
spreading in fe c t io n ;  and the discovery o f ways o f id e n tify in g  
stap h ylococci so that th e ir  epidem iology could he in v estig a ted .
(1 )  S tu d ies in  A ir Hygiene
Pioneer work on a ir  hygiene was carried  out hy W ells and 
W ells (1936) in  America. They showed th at the len gth  o f time 
taken hy d rop lets exp elled  from the nose and mouth to  f a l l  to  
the ground v a r ie s  w ith th e ir  s iz e ,  so th at the f lu id  from the 
sm aller ones evaporates and they remain suspended almost 
in d e f in ite ly , This means th at th ese droplet n u c le i would he 
carried  much greater d istan ces than had p rev iou sly  heen thought 
p o ss ib le . The damage caused hy in fe c t io n  o f wounds during the  
e a r ly  years o f th e  war led  to  stu d ies on the prevention o f  th is  
airborne spread, fo r  example hy the o il in g  of f lo o r s  and 
blankets (Yan den Ende and Spooner, 1941) and hy u lt r a -v io le t  
l ig h t  (introduced hy Hart in  1937). E pidem iological in v e s t i ­
gation s in to  the e f fe c t iv e n e s s  of these procedures were made hy 
Crosbie and Wright in  1941 w ith G. d ip hth eriae. Wright, Shone 
and Tucker (1941) ,  ; Sm ellie and Wright in  1947 w ith  m easles, 
and Wright, Cruickshank and G-unn w ith s trep to co cc i (1944).
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In  1941, a pamphlet was published by the M edical Research  
Council (War Memo. no. 6) ou tlin in g  the procedures which should  
be follow ed in  order to  prevent h o sp ita l c r o s s - in fe c t io n . The 
s tu d ie s  o f wound in fe c t io n  made during th e  war -  M iles,
Schwabacher and Spooner, (1940) and M iles (1941) -  were continued  
afterwards on the problem o f in d u str ia l wounds, -  Clayton-Cooper 
and W illiam s (1945)* W illiam s and M iles (1943) and (1 9 4 9 ), and 
turns -  B ourdillon  and Colebrook (1946). Lowbury in  1954 showed 
how in fe c t io n  o f  burns could be reduced from 30& to  1/^ by the  
use of sp e c ia l dressing-room s in  which the a ir  was f i l t e r e d  and 
introduced under p o s it iv e  pressure. The study o f a e r ia l  
contamination was continued by Mackie (1 942), Hare and Mackenzie 
( I 92t£), Duguid and W allace, (1 9AS )Lidwell and Lowbury, (1950), 
Rubbo and Benjamin (1953) and Lowbury and Pox, (1953).
( 2) Nasal Carriage o f  Staph, aureus.
Since symptomless ca rr iers  o f  C. diphtheriae and StarePr 
pyogenes were known to  be important in  the spread o f d isea se , 
nasal carriage o f  Staph, aureus was made the subject o f much 
study. In the f i r s t  p la ce , evidence had to  be obtained th at they  
did  s c a t te r  th e ir  organisms and the mechanism by which t h is  could  
take p lace a lso  had to  be in v estig a ted . Secondly, i t  was 
necessary to  fin d  out what was the b est way o f preventing spread 
from such ca rr iers .
(a )  Evidence th at n asa l oarriers dissem inate th e ir  organisms. 
Hare and Mackenzie in v estig a ted  th is  su b ject in  191*6. They 
found th at w hile organisms from the th roat were ex p e lled  in to  
th e  a ir  during any form of naso-pharyngeal a c t iv i t y ,  those in  
idle nose were n ot. N asal ca rr iers  were shown to  contaminate 
the environment by spreading organisms onto th e ir  hands and 
c lo th e s . S taphylococci are a lso  to  be found on the sk in  in  
2($> o f people, as G -illesp ie , Devenish and Cowan showed in  1939, 
and u su a lly  th ese  are o f the same phage type as those in  the  
nose, (W illiam s, 191*6). Spread to  the sk in  from the nose was 
a lso  demonstrated where the a e tio lo g y  o f su p e r f ic ia l sk in  se p s is  
was being in v estig a ted , by M iles, W illiam s and Clayton-Cooper 
(192j4) in  the case o f  in d u str ia l wounds, Hobbs, Carruthers and 
Gough (1947) w ith  sy co s is  barbae and Moss, Squire and Topley 
(1948), V alentin e and H all-Sm ith (1952) and T ulloch  (1954) w ith  
recurrent f o l l i c u l i t i s .  Duguid and Wallace (192+8), in  an 
important study o f the spread o f organisms from a subject 
carrying out various a c t iv i t i e s  in  a dust-proof cu b ic le , showed 
th at large numbers o f organisms were lib era ted  by hea lth y  people 
by ordinary movements, and e sp e c ia lly  by dressing and undressing. 
Nasal ca rr iers  o f Staph, aureus spread th ese organisms from th e ir  
c lo th es  although they d id  not speak and wore masks. In 1956, 
Hare and Thanas made a d e ta iled  study o f the spread o f  Staph. 
aureus from nasal c a rr ie r s . They came to  the conclusion that
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the main route o f  tra n sfer  i s  by hands and handkerchiefs to  
the sk in  and c lo th e s ; from th ere , organisms are re lea sed  in to  
the a ir  by f r ic t io n  and spread by a ir  currents. They found 
th at w hile p a t ien ts  w ith  minor staph ylococcal le s io n s  had 
s l ig h t ly  more contam ination o f  th e ir  c lo th es  than nasa l ca rr iers  
w ithout s e p s is , non-nasal ca rr iers  w ith  se p s is  spread th e ir  
organisms very much l e s s .  Same nasa l ca rr iers  gave a much 
higher degree o f  a ir  contam ination than others and were probably 
more dangerous than c l in ic a l ly  in fec ted  peop le . They a lso  
found a su rp r isin g ly  large amount of spread during hand-washing, 
and th a t wet hands were more dangerous than dry ones.
(b ) The prevention o f  spread from Nasal C arriers. Much work 
had been done on the use o f  n asa l ointments contain ing a n t i­
b io t ic  substance fo r  th is  purpose. E arly experiments were made 
by D e la f ie ld , Straker and Tppley (1941) on the value o f a n t ise p t ic  
snu ffs in  the treatment o f d iphtheria ca rr ie r s . Barber, Hayhoe 
and Whitehead, in  1949, used sulphonamide cream fo r  stap h ylococci 
but found the e f f e c t  to  be only temporary. Gould and A llan  
(1954) trea ted  34 s t a f f  ca rr iers  w ith  oxy tetracyclin e  cream.
They found th at t h is  reduced the carriage ra te  a great d ea l, 
but th a t a f te r  three months i t  had returned to  i t s  o r ig in a l l e v e l .  
In 15 cases the phage type was the same as b efore . No r e s is ta n t  
s tra in s  were found, and the in fe c t io n  rate  in  babies was sa id  to
have f a l le n  w ith  th e carriage ra te  in  the s t a f f .  In 1955, 
Gould made a further stuefy. 124 ca rr iers  were chosen, and a 
cream contain ing 1% a n t ib io t ic  was applied  to  the n o s tr i ls  
every day fo r  14 days. 6jfo were negative 2 weeks la te r ,  l£$?o 
a fte r  4  weeks and 2Q& a fte r  20 weeks. R esista n t s tr a in s  were 
obtained from 24 c a r r ie r s , but they were e ith e r  a d if fe r e n t  
type or untypable. In 1956, Rountree, H e se ltin e , Rheuben and 
Shearman carried  out a s im ilar  t r i a l ,  using an ointment 
contain ing Neomycin and B a citra c in . A week a fte r  t h is  had 
been app lied  by 68 members o f s t a f f ,  43*7% were n egative ,
34*3$ carried  th e ir  o r ig in a l s tr a in  and 2 had acquired a new 
one. In fe c tio n  ra tes in  bab ies were lowered w hile the t r i a l  
was going on, and no r e s is ta n t  s tr a in s  emerged.
Masks have not been found to  be much use in  preventing the  
spread o f Staph, aureus frcm n asa l ca rr iers . They may have a 
value in  reminding the wearer not to  touch h is  nose, but o ften  
th e ir  use lea d s to  more handling o f th e face  than otherw ise.
( 3 ) Typing o f  S tap h ylococci.
The th ird  approach to  the problem of Staph, aureus cro ss­
in fe c tio n  was to  look fo r  seme way o f c la s s ify in g  th ese  
organisms and i f  p o ss ib le  o f  id e n tify in g  them so th at th e ir  
behaviour in  an epidemic could be fo llow ed . I f  t h i s  became 
c lea r , a ra tio n a l method of preventing the spread could be
worked out. The f i r s t  important paper on t h is  sub ject was 
Cowan*s c la s s i f i c a t io n ,  published in  1938, which used a n tig en ic  
d ifferen ces  for  typ ing . T his method was used in  in v e s t ig a ­
tio n s  o f outbreaks described by E l l i o t t ,  G ille sp ie  and Holland  
in  1941* Hobbs in  1944 and A llis o n  and Hobbs in  1947b, 
Meanwhile, phage typing had been introduced by W ilson and 
Atkiiison in  1945, who gave an account o f two outbreaks o f  
pemphigus and showed hew they were able to  trace the ca rr ier  
respon sib le  in  both oases. S im ila r ly  in  1947, W illiam s, 
Sim s-Roberts and Cook were able to  d e tec t a nurse, a heavy 
ca rr ier  o f type 3A which had caused an outbreak. T his way o f  
id e n tify in g  s tr a in s  o f  staphylococcus; has been used in  most o f  
the subsequent in v e s t ig a tio n s  and has been one o f the most 
important s in g le  d isco v er ie s  in  the h is to ry  o f stapb yloccal 
in fe c t io n . I t  was developed by W illiams in  th is  country, 
Rountree in  A u stra lia , and L aurell and Wallmark in  Scandinavia  
and has now become a p r a c tic a l as w e ll a s . a s e n s it iv e  to o l  
which i s  a v a ila b le  to  most routine lab ora tor ies  in  th is  
country.
( 4) In v estig a tio n s  in to  the Mechanism o f  C ross-In fection  by 
Staph, aureus
Most o f the e a r lie r  papers in  th is  period  stressed  the  
importance o f n asa l carr iers among the s ta f f  in  the spread o f  
stap h y lococci, Knott and B la ik ley  (1944) considered that 
fam ites such as  tow els, were more o ften  contaminated than dust,
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and th at spread was hy the hands and c lo th e s  o f nurses who 
carried  the organism. (They found, however, th a t masking 
made no d ifferen ce  to  the in fe c t io n  ra te  in  b a b ies ) . A llis o n  
and Hobbs, who made a la r g e -sc a le  study in  C ard iff in  1947, 
a lso  came to  t h is  conclusion . They sa id  th a t "the main 
reserv o ir  o f in fe c tio n  was the nasa l passages o f the nursing  
s t a f f ,  -whence in fe c t io n  was spread to  the in fa n ts , probably 
v ia  th e hands". Barber, Hayhoe and Whitehead, in v e s t ig a tin g  
an outbreak o f s e p s is  in  babies in  S t .  Thomas* s h o sp ita l in  
1949, found th at 1%  o f the s t a f f  carried  staph ylococci o f  
which as many as Q jfi were r e s is ta n t  to  p e n ic i l l in .  In an 
in ten siv e  study o f the s itu a t io n , la s t in g  e ig h t months, they  
found th at a p e n ic i l l in -r e s is ta n t  s tr a in  o f phage-type 52A 
was spreading round the h o sp ita l and was resp on sib le  fo r  most 
o f the le s io n s  in  the b ab ies. The nurses were, they thought, 
the main source o f the in fe c t io n . Pour years la te r ,  a s im ila r  
in v e s tig a tio n  was carried  out (Barber, W ilson, Rippon & W illiam s, 
1953) a t a tdme when there was no severe s e p s is . Over h a lf  
the nurses were nasa l ca rr iers  of p e n ic i l l in - r e s is t a n t  Staph. 
aureus and again the predominant type was 52A. The n o s tr i ls  
o f 73$ o f the bab ies were co lon ized  and th e ir  stra ins, resembled 
those o f the nurses more o ften  than th e ir  own mothers *. The 
actu al mode o f spread was not determined, though severa l 
p o ss ib le  routes o f c r o ss - in fe c tio n  were mentioned, nor was i t  
p o ss ib le  to  say why no s e p s is  occurred.
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In 1949, Parker and Kennedy described an outbreak o f  
true pemphigus a sso c ia ted  w ith  a staphylococcus o f phage 
type 3A. Swabs were taken from a l l  the bab ies every day 
fo r  f iv e  and a h a lf  weeks and from mothers and s t a f f .  The 
epidemic s tr a in  was iso la te d  once only from three members 
o f  s t a f f  and from none o f  the mothers. 38 out o f  54 s tr a in s  
from in fa n ts  belonged to  type 3A during the epidemic, but 
three months la te r  t h i s  type was not found. The s ig n if ic a n t  
p oin t about t h i s  paper i s  the low carr ier  rate  among the  
ad u lts compared w ith  th a t in  hea lth y  bab ies; fo r  example, 
cases o f pemphigus continued to  occur over sev era l weeks when 
no nasa l ca rr ie r  o f type 3& could be found. The authors 
thought th at w hile  the ultim ate source must presumably be 
the n asa l passages o f the ad u lt, in  a crowded nursery the 
in fe c t io n  may be propagated from ’generation to  generation*  
of in fa n ts . Colbeck (1949) came to  a s im ilar  conclusion:
"the s t a f f  ca rr ier  seems to  p lay  a com paratively minor r o le  
a fte r  the in trod uction  o f the in fe c t io n  in to  th e ward. The 
large  reserv o ir  o f in fe c t io n  on the babies shows the f u t i l i t y  
o f dealing w ith  the s t a f f  a lo n e . . . .  The new-born in fa n t’ s nose 
and throat i s  the important reserv o ir  o f in fec tio n , from which 
in fe c t io n  p asses to  the mother’ s b rea st. The i n i t i a l  stage  
o f the epidemic i s  th at o f a resp ira tory  in fe c tio n , and every  
e ffo r t  should be made; to  prevent airborne in fe c t io n  of
the babies."  M iller  in  the fo llo w in g  year, described 22 
cases o f pemphigus and c o n ju n c tiv it is  ( o f which one was 
fa t a l )  from which phage-type 3A. was is o la te d . He a lso  
considered th at the nasal passages o f the h e a lt ly  in fan t  
were the main reservo ir  o f in fe c t io n  and sa id  th at " it  i s  
more than probable th at the a ir  of the n u rser ies , mothers* 
wards and o f the corridor became in fec ted  from th ese  sources."  
(He did not suggest how th is  could take p la c e ) . Forfar and 
h is  co lleagu es in  1953 described an outbreak o f severe  
in fe c t io n  in  which the a n t ib io t ic -r e s is ta n c e  pattern s o f the 
s tra in s  iso la te d  from the le s io n s  and from the noses o f the 
s t a f f  and cords o f the babies were compared. They found 
th at those from le s io n s  and normal bab ies corresponded 
c lo se ly , w hile those of the s t a f f  tended to  be d if fe r e n t .
"This suggests th at c r o ss - in fe c t io n  i s  more important than 
in fe c t io n  from ca rr iers  as far  as le s io n s  are concerned."
They p o in t out the dangers o f spread from a le s io n  i t s e l f ,  
fo r  example, a h ea v ily  in fec ted  purulent c o n ju n c t iv it is .
Webb (1954) came to  a sim ilar  conclusion  a fte r  her in v e s tig a ­
t io n s  o f  an outbreak o f b reast abscess and in fant sep s is  in  
two h o sp ita ls  in  Winnipeg. She sta ted  th at i t  i s  not 
necessary fo r  there to  be a high proportion o f  ca rr iers  o f  
an epidemic s tr a in  in  a nursery fo r  an outbreak to  occur.
From th ese papers i t  may be seen that there was a 
tendency fo r  opinion to  change from the idea th at nasal 
ca rr iers  among the s t a f f  are responsib le both for the in tro -
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duct ion o f the in fe c t in g  organism and fo r  i t s  spread. 
C ro ss-in fec tio n  in  the nursery from baby to  baby seemed to  
occur, though the methods by which th is  took p lace  were not 
c lea r .
( 5)) The P o s s ib i l i t y  th at S tra in s  o f S taph, aureus; may vary in  
V iru lence.
Another way in  which opinion was developing was the idea  
th a t a l l  staph ylococci could not be o f equal v iru len ce . This 
had been assumed by many o f the ea r ly  workers, but the fin d in g  
th at coagulase and alpha ly s in  were produced in  s im ila r  amounts 
by most staph ylococci had caused th is  aspect to  be neg lected . 
B elding, in  1926, fo r  example, sa id  th at "Since the res is ta n ce  
o f the in fa n ts  should prove the same, our observations and 
those o f others in d ica te  a marked d ifferen ce  in  v iru len ce in  
the s tra in s  o f the in fe c t in g  organism." Many workers a lso  
have commented on the fa c t  th at outbreaks do not occur only in  
overcrowded and in e f f ic ie n t  h o sp ita ls :  "We see,"  wrote F a lls
in  1927, "an in s t i tu t io n  under ccmpetant management fu n ction  
fo r  months w ith  no evidence o f  pemphigus. Suddenly, a ty p ic a l  
le s io n  appears on one o f the bab ies. From t h is  an epidemic o f  
ty p ic a l ca ses  can sta r t."  W illiam s, Sims-Roberts and Cook (1947) 
n oticed  the same thing: "The usual predisposing causes o f the
spread o f  in fe c tio n , such as overcrowding and under s ta f f in g ,  
were absent in  th is  case."  Colbeck (1949) and Webb (1954) 
a lso  found that poor nursing was not in ev ita b ly  present fo r  an
outbreak to  occur: "a nursing consultant reported th at th ese
h o sp ita ls  had b e tter  p h y sica l f a c i l i t i e s  and p ra c tised  more 
in d iv id u a l technique o f in fan t care than oth ers in  the c ity ."
Khott and B la ik le y  (1944) f i r s t  tr ie d  to  make use o f th is  
apparent d ifferen ce  in  v iru len ce . They devised  a system in  
which an estim ate was made o f the degree o f v iru len ce  o f  
staph ylococci is o la te d  in  a m aternity department using coagulase, 
my s in s , g e la t in  liq u e fa c tio n  and ferm entation o f sugars.
C arriers whose s tr a in s  came in to  the "pathogenic" group were 
excluded from the wards. As soon as th ese precautions were 
relaxed , le s io n s  reappeared in  the b ab ies. However, th ese
fin d in g s were questioned by Barber, W ilson, Rippon and W illiam s, 
(1953), who found th at most o f the stap h ylococci they iso la te d  
came in to  the "pathogenic" group, so that i t  would not have been  
p ractica b le  to  have removed the ca rr iers .
Much work has been done on the laboratory sid e  in  th is  
question o f v iru len ce; t h i s  w i l l  be considered in  a la te r  sec tio n . 
So far  i t  has not been found p o ss ib le  to  p red ic t t h is  q u a lity , 
and i t  may be th at i t  i s  a question  o f enhancement by passage -  
Cass, (1940), Barber and Burston, (1955)> K ourilsky and M ercier, 
(1940). On one aspect o f the question there i s  much more 
dvidence: -  th at a change in  the character and se v e r ity  o f  the
le s io n s  caused by the staphylococcus has occurred in  the  
l a s t  ten  years -  or s in ce  the eihergence o f  a n t ib io t ic -  
r e s is ta n t  organisms. Whether t h is  i s  cause or e f f e c t  i s  a 
debatable p o in t, but numerous papers g iv e  examples o f  t h is  
fa c t .  In  1947, for  example, Guthrie and Montgomery d es­
cribed an outbreak o f staph ylococca l pneumonia in  ch ild ren .
55 cases had occurred, tw o-th irds o f them in  ch ild ren  under 
s i x  months o f age. The babies co llapsed  and died w ith in  two 
days w ithout any lo c a liz in g  s ig n s , but Staph, aureus was 
recovered from 40 out o f 54 lung punctures and 5Q& o f blood  
cu ltu res . An outbreak o f staphylococcal in fe c t io n  occurred 
at the same time in  a m aternity h o sp ita l in  which 9Q& o f  
cases and 65$ o f healthy babies carried  the organism. This 
may be compared w ith  the report o f D avis in  1920 th at "there 
appears no c lea r  evidence th at staph ylococci ever cause 
resp iratory  epidem ics. As secondary invaders they may p lay  
a r o le , but in  th is  regard they appear to  be o f  decidedly  
l e s s  Importance than strep to co cc i or pneumonia." Colbeck 
described an ex ten sive  outbreak o f  severe staphylococcal 
in fec tio n s  from Canada in  1949 — mainly o f maternal breast  
abaoesses -  as many as 13$  o f the mothers being a ffec te d  a t  
one tim e. The stra in  responsib le was ly sed  by a simple
phage f i l t r a t e  which he c a lle d  W, and th is  was iso la te d  frcm
a l l  the p u stu les  in  th e bab ies which were examined and from 
te n  oases o f lung abscess which occurred. I t  was n oticed  
th a t a number of b o i l s  and p u stu les  appeared in  the p atien ts*  
fa m ilie s  a fte r  they returned home, and a ls o  in  the h o sp ita l  
s t a f f .  F e lsen  and h is  co lleagu es wrote a paper from America 
in  1951, in  which th ey  describe how in  th e ir  experience, 
staph ylococcal in fe c tio n  has changed in  character s in ce  1939,  
(o r  s in ce  the in trod uction  o f a n t ib io t ic s ) .  In  1941 there  
was an. outbreak o f diarrhoea and im petigo neonatorum in  the  
Bronx h o sp ita l, and s in ce  th at time staph ylococcal in fe c t io n  
has became sporadic, culm inating in  an outbreak o f severe  
in fe c t io n  in  1950: -  three cases o f empyema, one o f b r e a st  
abscess, one o f  bacteriaem ia, one abscess o f buttock and one 
o f o s te o n y e lit is .  Even the m ilder cases were of f o l l i c u l i t i s  
rather than im petigo. A sim ilar  report came from Forfar e t  a l ,  
in  Edinburgh in  1953, and Webb in  Canada in  1954. The former 
presented  s ix  case h is to r ie s  o f babies se r io u s ly  i l l  w ith  
p e n ic i l l in -r e s is ta n t  s tr a in s  o f staphylococcus, the d isease  
taking the form o f deep abscess and o s te o m y e litis . Webb 
described "an unusual incidence o f staphylococcal in fe c t io n s  
o f new-born in fa n ts  and maternal b rea sts  from 1947 to  1951, 
w ith  i t s  peak in  1948." The outbreak was only con tro lled  when 
routine treatment o f babies w ith  chloramphenicol was sta r ted .
In t h is  way, inform ation had gradually been accumulated 
on staphylococcal in fe c t io n s  o f the new-born and th e ir  
mothers. I t  had been shown th at the cau sa l organism was 
Staph, aureus, and th at in fe c t io n  had occurred in  great wayes, 
f i r s t  on the Continent, then in  America, and la te r  in  B r ita in , 
A u stra lia , Canada and Scandinavia. Since staph y lococci 
became r e s is ta n t  to  many a n t ib io t ic  substances, th e  epidem ics 
they caused became in crea sin g ly  ser io u s , s in ce  the r e s is ta n t  
organisms were favoured by the use o f the a n t ib io t ic s  which had 
no e f f e c t  on them. As to the method o f spread, the; concensus 
o f opinion was th a t the organism was introduced by n asa l ca rr iers  
among the s t a f f ,  and spread round the nursery from one baby to  
another, w ith  i t s  main reserv o ir  in  the nasal passages o f the 
b ab ies. E xactly  how th is  spread took p lace was not c lea r , 
whether mainly by the a ir  or by contact. Although there was no 
proof on t h is  p o in t, some workers were of the opinion th at there  
were w ith in  the sp ec ie s  Staph, aureus s tr a in s  which appeared to  
be more v ir u le n t than oth ers. A few workers had mentioned 
what seemed to  them to  be a change in  the character o f the  
le s io n s  caused by staphylococci in  recent yea rs , from m ild sk in  
in fe c t io n s  to  deep ab scesses and severe s e p s is . T h is was, in  
general, the sta te  of opinion when the work to  be described  
in  this- th e s is  was begu$ in  1954.
MATERIALS .-AND METHODS.
The b a s ic  media used in  the in v e s t ig a tio n s  described in  
t h is  paper were the same throughout the work. They were 
those made in  the Public H ealth Laboratory in  C ard iff and 
used fo r  the routine work o f the laboratory.
(1 )  N utrient Broth. This was a standard meat in fu sio n  made
according to  the method given  by Mackie and McCartney (1950) 
"Handbook o f P r a c tic a l Bacteriology" 8th e d it io n , page 144.
( 2 ) N utrient Agar. This was prepared from the broth and 
New Zealand powdered agar, as described by Mackie and McCartney 
(page 148).
( 3 ) 8$> s a lt  broth was used as a s e le c t iv e  medium fo r  obtain­
ing Staph, aureus from swabs taken from fom ites. A fter  being  
p la ted  out, th e  swabs were immersed in  the medium and incubated  
overnight.
( 4 ) Sheep blood agar p la te s  were used fo r  the routine is o la ­
t io n  of Staph, aureus. They were made in  the same way as the 
horse blood p la te s  used in  the routine laboratory, but w ith  
sheep c e l l s .  They were layered p la te s , the bottom layer  being  
of nu trien t agar. B efibrinated  sheep blood was obtained each 
week from the Serum Research I n s t itu te  at Carshalton. This 
medium was very s a t is fa c to iy  and proved most u se fu l fo r  the 
primary is o la t io n  of Staph, aureus from swabs as w e ll as from 
s e t t l in g  p la te s . C olonies o f Staph, aureus could be recognised
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a fter  18 hours* incubation hy the zone o f l y s i s  round, them, 
although the p la te s  were not incubated in  CO .^ A fter  another 
24 hours on the bench id e n t if ic a t io n  by pigment production  
could be used as an added check. P la te  I  shows the ty p ic a l  
appearance o f a sheep b lood agar p la te  inoculated  w ith  two 
swabs from p a t ie n ts . P la te  I I  i s  a photograph o f a s e t t l in g  
p la te , on which co lo n ies  o f Staph, aureus may be recognised by 
th e ir  zones o f l y s i s .
Sheep blood agar p la te s  were f i r s t  used by C h r is tie , North 
and Parkin ( 1 9 who found that the production o f l y s i s  on 
them by the stap h ylococci they were te s t in g  fo r  p a th ogen ic ity  
agreed c lo se ly  w ith  v iru lence fo r  mice. Marks used them fo r  
primary is o la t io n  in  h is  study o f beat le s io n s  in  miners 
A tkins and Marks (1952), and in  another paper published in  th at  
year (1952), suggested that they might g ive  a more sa t is fa c to r y  
index o f  p ath ogen ic ity  than coagulase. He used sheep rather  
than rabbit blood as he found i t  le s s  s e n s it iv e  to  n o n -sp ec if ic  
ly s in s  and because i t  could be obtained commercially. There 
have been some c r it ic ism s  of th is  recommendation, fo r  example 
by Lack and W alling (1954), but I found the p la te s  id e a l for  
routine work. They are simple to  make and in terp re t, more so, 
in  my opinion, than the other sp e c ia l d iagn ostic  media fo r  
Staph, aureus which are in  use.
The fo llow in g  t e s t s  were used in  the ep id em io log ica l 
in v e s t ig a t io n s :
(1 )  The Coagulase T est, The s l id e  coagulase t e s t  o f Cadness- 
Graves, W illiam s, Harper and M iles (1943) was used on every  
s tr a in  before i t  was recorded as being Staph, aureus. I  
intended to  use the tube t e s t  for  the id e n t if ic a t io n  o f ary 
organisms which had the appearance o f Staph, aureus on sheep 
blood agar p la te s  but did not g ive  clumping in  the s l id e  t e s t ,  
but in  fa c t  no such stra in s  were encountered.
(2 )  A n tib io tic  S e n s it iv i ty  T ests . These were carried  out on 
a number o f rep resen ta tive  s tr a in s  chosen from those phage 
typed each week. S ix -in ch  p la te s  were used, poured ?with 
n u tr ien t agar. A d itch  was cut in  the agar and f i l l e d  w ith
10 ml. agar contain ing the a n t ib io t ic  against which th e  staphy­
lo c o c c i were to  be te s ted .
P in a l concentrations were as fo llow s:
( 3 ) Phage Typing. This was carried  out according to  the  
method used at the Staphylococcal Reference Laboratory at 
C olindale and described by Anderson and W illiam s (1956). A 
s e t  o f  20 phages, which were supplied from C olindale, were 
used at f i r s t ,  and la te r  phages 80 and 81 were added. P ools o f
p e n ic i l l in 10 unit^/m l
chloramphenicol -  
erythromycin
te tr a cy c lin e
streptom ycin
50
50
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phages were not used. The phages were te s te d  each week on 
th e ir  propagating s tr a in s  o f stap h ylococci (a ls o  supplied hy 
the Reference Laboratory) and the routine t e s t  d ilu t io n  
adjusted according to  the amount o f l y s i s  obtained.
EPHMHOLOG-IGAL STUDIES.
In tro d u c tio n .
The f i r s t  p a r t  o f th i s  work i s  an in v e s t ig a t io n  in to  th e  
epidem iology o f S tap h , aureus in  a m a te rn ity  departm ent. T h is  
was no t p lanned  from th e  o u ts e t  h u t g ra d u a lly  to o k  shape 
accord ing  to  even ts in  th e  h o s p i ta l .  The main id e a  in  my mind,
however, was th a t  a  long -term  study  o f th e  behav iour o f d i f f e r e n t  
s t r a in s  o f s taphy lococcus, fo llow ed hy means of phage ty p in g , 
m ight he more in fo rm ativ e  than  se v e ra l s in g le  swahhings o f a l l  
th e  s t a f f  and h a h ie s . I  was in te r e s te d  to  d isco v er something 
ahout the fo llo w in g  p o in ts :
a) How soon h a h ie s  became co lon ized  hy S tap h , au reus and 
which were th e  f i r s t  p la c e s  from which i t  could  he is o la te d .
b ) Whether n a sa l c a r r i e r s  among th e  s t a f f  or th e  h ah ies  
them selves were more Im portant as d i s t r ib u to r s  o f s tap h y lo co cc i.
c) W hether spread  hy th e  a i r  o r hy c o n tac t p layed  the  la rg e r  
p a r t  in  s tap h y lo co cca l c ro s s - in fe c t io n .
d) Which were l ik e ly  to  he th e  b e s t  methods o f p rev en tin g  
s tap h y lo co cca l c ro s s - in fe c t io n .
Something was le a rn ed  ahout th ese  problem s in  th e  course  of 
th e  fo llow ing  in v e s t ig a t io n s  in  which phage ty p ing  was employed 
to  s tudy  th e  behaviour o f  d i f f e r e n t  s t r a in s  o f s tap h y lo co cc i in  
th e  h o s p i ta l .  These a re  d e sc rib ed  in  p a r t  I .  But th e re  was 
s t i l l  a g re a t  d ea l to  he found out gbout the mechanism of c ro s s ­
in fe c t io n  in  a m a te rn ity  h o s p i ta l  and p o s s ib le  ways o f p rev en tin g  
i t : -  p o in ts  c) and d ) . T herefo re  th re e  in v e s t ig a t io n s  were
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planned which studied the e f f e c t  on in fe c t io n  ra tes  of 
various changes in  technique. D escrip tion s of these
make up part I I  o f the ep idem iological s tu d ie s .
PART I .
EPIDEMIOLOGy of D iffer en t Phase Types.
The m aternity u n it o f S t .  David*s H osp ita l in  C ard iff i s  
housed in  an old "building which used to  be part o f the M unicipal 
H osp ita l. Staphylococcal se p s is  had occurred in  t h is  h o sp ita l  
fo r  a number o f years ( i t  was c a lle d  S t . John*s Lodge a t th at 
tdme), and i t  was the h o sp ita l in v estig a ted  "by A llis o n  and Hobbs 
in  1947. There had been a sharp outbreak o f in fe c t io n  among the 
babies in  the w inter o f 1953-4 which had been co n tro lled  by 
c lo sin g  the a ffec ted  nursery and spring-clean in g  i t  and the wards 
one by one. The s tr a in  o f staphylococcus which had been iso la te d  
from the le s io n s  had been phage-typed at the Staphylococcus 
Reference Laboratory at C olindale, and shown to  be ly sed  only  
by phages 52 and 52A at low d ilu t io n s . I t  was r e s is ta n t  to  
p e n ic i l l in  and ox y te tra cy c lin e . The c l in ic a l  p ic tu re  had been 
one of deep abscesses and c e l l u l i t i s  in  the severe cases and 
se p tic  spots and c o n ju n c tiv it is  in  the mild ones.
In November, 1954, i t  was reported once more th at cases o f  
staphylococcal s e p s is  were occurring, th is  time mainly in  the  
premature u n it, and a thorough in v e s tig a tio n  in to  th e whole 
s itu a t io n  was requested. T his was a large undertaking, fo r  the 
s t a f f  numbered 127, and there were e ig h t p o st-n a ta l wards, a 
nursery for  normal babies and a premature u n it which served a 
large area. However, n asa l swabs were taken from 119 members
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of s t a f f  and a routine fo r  regular swabbing o f the babies 
and sampling of the a ir  in  the nursery prepared. T his was 
designed to  g ive  a long-term  survey o f the epidem iology o f  
the h o sp ita l rather than the * c r o ss -se c t io n ' which would be 
obtained i f  a l l  the babies in  the h o sp ita l were swabbed at 
one tim e. Swabs were taken from each baby, wherever p o s s ib le , 
on th e day o f i t s  b ir th  and ev e iy  day subsequently u n t i l  
Staph, aureus was is o la te d . Various s i t e s  on the bab ies were 
a lso  swabbed, th e ir  bed lin e n  and c lo th es  and severa l other 
p laces in  the nursery. Sheep blood agar p la te s  were put down 
regu larly  in  the nursery and elsew here. T his regime was 
continued, w ith  short in te r v a ls , for  s ix  months.
A\ great many fa c ts  were c o lle c te d  in  th is  in v e s tig a tio n ,  
but few conclusions could be drawn from them which had n o t  
already been demonstrated by other workers. The dominant 
impression was o f  the ubiquity o f Staph, aureus. o f  the
s t a f f  were n asal ca rr iers  on the f i r s t  examination, and on 
repeated swabbing th is  fig u re  rose to  7 7 * ^ . S e tt l in g  p la te s  
put down in  the wards, corridors and nursery grew many co lo n ies  
of the organism. I t  was iso la te d  from clean  lin e n , from the 
front o f nurses* gowns ( 4  out o f 4  swabs were p o s it iv e )
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from the c u ffs  o f doctors' w hite coats (3  out o f  12) and from 
many s i t e s  o f the bahies and th e ir  bed lin e n . Table 1 shows 
the r e s u lt s  o f swabs taken from 19 young bab ies and th e ir  c o ts ,  
a l l  l e s s  than 27 hours o ld . I t  may be seen th at the um bilica l 
cord was the s i t e  most o ften  and most h ea v ily  in fec ted . The 
predominant s tr a in  o f staphylococcus was not 53/ 52A, the one 
which had been iso la te d  frfcm the le s io n s  both in  the e a r lie r  
and the present outbreak, although th at was presen t, but a 
p e n ic i l l in - s e n s i t iv e  s tr a in  o f group I I I  -  6 / / / 4 i / 5 4 .  This 
was iso la te d  most o ften  from babies and the h o sp ita l environment. 
The nurses, on the other hand, commonly carried  another s tr a in , 
of phage type 52A/79. The d is tr ib u tio n  o f phage types among
s t a f f  and bab ies i s  recorded in  the fo llow in g  ta b le:
TABLE 2 .
The percentage d is tr ib u tio n  of three phage types among 
s t a f f  and bab ies.
T otal no. o f $2 /52A 6 /7 /4 7 /5 4  52A/79 other types
staph ylococci & not typable
iso la te d ______________________________________________________
s t a f f  92 15*2 13*0 26*1 45*7
babies 35$ 16*2 55*6 5*3 22*9
These fin d in gs suggest th at the babies were not in fec ted  e n t ir e ly
by the s t a f f .
Because these s tr a in s  were so common, i t  was d i f f ic u l t  to  
make any worthwhile in v estig a tio n s  in to  th e ir  epidem iology. 
Several p o in ts are, however, worth recording:
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I .  Evidence th at c r o s s - in fe c t io n  was tak ing p lace  could he 
gathered fromi the fo llow in g  in c id en ts  in  which the in fe c t in g  
s tr a in  was o f an unusual phage-type, so th at i t  could he 
id e n t if ie d  e a s i ly .
a) A hahy was admitted to  the premature u n it from a h o sp ita l  
in  the Rhondda, and a staphylococcus o f phage-type 71 was 
iso la te d  from i t s  cord on March 29th, the day a f te r  adm ission. 
T his type had not heen seen in  the h o sp ita l b efore . This 
haty died on A p ril 4th . On A p ril 7th , type 71 was grown from 
the cord of a new-horn hahy in  a d if fe re n t cu b ic le  and on 
A pril 8th from two other day-old in fa n ts . The s t a f f  o f  the  
u n it were a l l  swabbed, and no ca rr iers  o f type 71 were found.
h) A hahy horn on November 23rd gave a growth o f staphy­
lococcus phage-type frcm i t s  cord on the day o f  b ir th .
This type was a lso  carried  by the mother. I t  was iso la te d  
from the cords of four other babies subsequently on 
November 25th, 28th and December 3rd and 13th.
c) On March 1 s t . ,  a medical student came to  work in  the nursery 
fo r  two weeks. He was a heavy nasal carr ier  o f phage type 3®> 
a r ich  growth was obtained from h is  nose on March 8th and frcm 
the s leev e  o f  h is  white coat on March 11 th . On March 2nd th is  
s tr a in  was iso la te d  frcm a baby*s nose and subsequently frcm 
other in fa n ts  on the 4th , 11th, 14th  and 15th -  e ig h t babies in
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a l l .  I t  was a lso  iso la te d  from s e t t l in g  p la te s  on the 11th, 
13th, 14th and 15th. March 13th was t h is  stu d en t1 s la s t  day 
of work in  the nursery and h is  s tr a in  was not is o la te d  a fte r  
h is  departure.
d) A doctor*s n asa l swab grew a staphylococcus o f type 55/71 
on December 2 1 s t. On January 1 s t . a sim ilar  but not id e n t ic a l  
s tr a in , 3</5f/71 was iso la te d  from the nose o f a nurse. On 
January 12th, the doctor sent in  a swab from a b o i l  on h is  
neck, which was recorded as phage-type JE/ 71 • On 15th January
one baby was found to  be carrying t h is  s tr a in  and on the 23rd 
i t  was iso la te d  from the b u lla e  o f  an in fan t w ith  pemphigus.
On January 3 1 s t , a swab from another nurse gave a growth o f  
s tr a in  5 5 /71.
I I .  A sm all experiment was carried  out on the reputed  
b a c te r ic id a l power o f vern ix  caseosaj i t  i s  o ften  b e liev ed  to  
have th is  q u a lity  and i s  fo r  th at reason l e f t  on the babies' 
sk in s.
A p iece  o f vern ix  was obtained frcm a case d elivered  by 
caesarian  sec tio n , w ith  s t e r i l e  precautions. I t  was placed  
in  the bottom o f a un iversa l container. 0*02 ml o f  a 1 in
10,000 d ilu tio n  o f a 3-hour cu ltu re o f  Staph, aureus was
dropped onto th is  and incubated overnight. S im ilar drops 
were allowed to  f a l l  onto a blood agar p la te . Next day 
1 m l. o f i  stren gth  R inger’ s so lu tio n  was added and the b o t t le  
shaken for 2 m ins. D ilu tio n s  were made from t h is  a t 1 in  10, 
100 and 1000.
A second experiment was carried  out in  the same way using
a 1 in  $0,000 d ilu tio n  o f a 24 hour cu ltu re .
R esu lts: Expt. 1 -  inoculum: 3950 c o ls ./m l.
colony count a fter  incubation in  vernix: 
uncountable at 1 in  1000 d ilu tio n .
Expt. 2 -  inoculum: 9a000 orgs./m l
colony count a fter  incubation:
500,000 co lon ies/m l.
A lliso n  and Hobbs made a stucty- o f vern ix  obtained from 
ten  in fa n ts  in  1947. One sample was s t e r i le ;  Staph, aureus 
was iso la te d  from two. F ive were te s te d  fo r  lysozyme and a l l  
werd found to  contain  some.
I I I .  The r e s u lt s  o f the main work, the d a ily  swabbing of new­
born babies and sampling o f the a ir  are worth recording. In  
order to make conditions as standard as p o ss ib le , only swabs 
from in fan ts aged 12 to  24 hours were considered. A record  
was kept o f the number o f  babies in  the nursery each day and o f  
the average number o f Staph, aureus co lo n ies  iso la te d  frcm four 
blood agar p la te s  put down for  four hours each day.
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These fig u res  are p lo tte d  in  diagram 1. I t  may he seen th at  
there i s  a t tim es a s im ila r ity  between the curves fo r  the number 
o f babies and the number o f co lo n ie s  on the s e t t l in g  p la te s .
There i s  another fa c to r , however. While th is  in v e s tig a tio n  
was going on, Dr. Jacobs, the p a ed ia tr ic ia n  at S t . D avid 's, 
was carrying out a c l in ic a l  in v e s tig a tio n  on the e f f e c t  o f 
the use o f various: hand creams on the incidence o f e l in ic a l  
in fe c t io n  in  b ab ies. Whatever the e f f e c t  o f the d if fe r e n t  
substances, which were used in  a three-day ro ta , the general 
r e s u lt  was to  make the nurses h igh ly  conscious o f th e ir  hands.
W&en the tim es a t which the hand-washing rota  was in  force  was 
added to  the diagram, an apparent correlation  i s  seen between 
th is  and the in fe c t io n  rate in  the b ab ies. An exception  to  
t h is  i s  a t the beginning of March, which i s  the time when the 
heavy carr ier  mentioned in  the previous sec tio n  was present in  
the nursery.
On the whole, the in v e stig a tio n s  in  th is  h o sp ita l were a 
disappointment. I  d id , however, receive  a number o f  im pressions 
which I  was anxious to  v er ify : -
(1 )  th at c r o ss - in fe c t io n  was common; but whether i t  took p lace
by airborne spread or by contact needed to  be in v estig a ted  fu rth er.
( 2) that the babies them selves were r ich  sources o f staphy­
lo c o c c i.
(3 )  th at not a l l  s tr a in s  of staphylococcus: behave in  the same 
way, fo r  example s tr a in  6/'//4-7/54 which was common in  normal 
bab ies, s tr a in  52/52A which appeared to be assoc ia ted  w ith  mary
o f  th e le s io n s  and s tr a in  52A/79 which was iso la te d  more o ften  
from the s t a f f  than from the hahies or the environment.
( 4 ) th at w hile  n asa l ca rr iers  could introduce in fe c t io n ,  
th e ir  part in  i t s  spread round the h o sp ita l needed to  be 
in v estig a ted .
At t h is  p o in t, in  the spring o f  1955, I  was informed that 
a large new m aternity h o sp ita l was about to  be opened in  
C ardiff, and was asked i f  I would carry out research on staphy­
lo c o c c i th ere . This provided the id e a l opportunity fo r  
attem pting to  confirm the im pressions gained in  the o ld  h o sp ita l, 
using the eaperience acquired th ere . The work th at fo llo w s i s  
a d escr ip tion  o f  the subsequent in v e s tig a tio n s .
I I .  C ard iff M aternity H o sp ita l.
The new h o sp ita l i s  s itu a ted  c lo se  to  C ard iff Royal 
Infirmary. I t  had a s t a f f  o f about 60 at the time th at i t  
was opened, o f whom ten  were p u p il midwives who came frcm 
h o sp ita ls  a l l  over the country. A number o f student nurses, 
in  tra in in g  a t the Royal Infirm ary, a lso  worked there fo r  
periods o f about three weeks a t a tim e. They liv e d  in  the 
Infirmary N urses1 Home, w hile the p u p il midwives and midwives 
had rooms on the 4 th  and 5th  f lo o r  o f the M aternity H osp ita l.
In order to  a sse ss  the importance o f  n asa l ca rr iers  in  the  
in troduction  o f  Staph, aureus in to  the h o sp ita l, a sp e c ia l  
p oin t was made o f talcing nasal swabs from a l l  the s t a f f  before  
they s ta r ted  work, or on the f i r s t  day th at they came in to  the 
h o sp ita l. A fter th a t, a l l  the nursing s t a f f  were swabbed 
every two months, a t le a s t ,  during the time o f the in v e s tig a ­
t io n s , which la s te d  from A p ril 1955 to  January 195&, th at i s ,  
four tim es a lto g eth er .
The ground f lo o r  o f the h o sp ita l c o n s is ts  o f o f f ic e s ,  
la b o ra to r ie s , c l in ic s  and a lec tu re  th ea tr^  and the wards 
occupy the f i r s t  three f lo o r s . When the h o sp ita l was opened 
in  A p ril, 1955* only the f i r s t  flo o r  ( f lo o r  A) was used; f lo o r  
B was opened on August 22nd, and f lo o r  C on September 6th .
Each f lo o r  contains seven or e ig h t s in g le  rooms and f iv e  
sm all wards w ith  about f iv e  beds in  each. There i s  a labour 
ward placed cen tra lly  on each f lo o r  and a nursezy opening on 
the other s id e  o f th e corridor. This i s  divided in to  f iv e  
small rooms, opening o f f  a cen tra l v e s t ib u le . The nursezy 
on flo o r  C i s  used for premature babies and has more cu b ic les  
than the other two. A l l  the equipment i s  w ell-design ed  and 
u p -to-d ate. The nu rseries have windows on three s id es  and 
the p a r tit io n s  are of g la s s . Cleaning i s  carried  out by 
vacuum-cleaner (although there was a delay o f severa l months
in  obtaining one for  f lo o r  B) and damp c lo th s  are used fo r  
dusting. B lankets are washed but not otherw ise treated  
a fte r  every p a tien t has l e f t .  The only c r it ic ism s  which 
occurred to  me were:
1) the cu b ic le  doors were heavy and on a strong spring so 
th at they had to  be opened from the in sid e  by grasping the  
handle and from the outside by pushing on the door p la te ;
2) there was no wash-hand-basin in  the n u rseries except in  
the duty room. Instead , each cu b icle  was f i t t e d  w ith  a 
baby's bath in  which the tap , worked by handles on the ou tsid e, 
was s itu a ted  in  a recess  ( so as not to  in jure the baby). 
Unfortunately, i t  was im possible to  wash the hands under th is  
tap and the whole bath had to  be f i l l e d  fo r  th is  purpose -  
which was slow and cumbersome;
3) Linen hand tow els were used, which got very wet, were 
dried on rad iators and o ften  f e l l  to  the f lo o r . Later a 
machine for  issu in g  paper tow els was f i t t e d  in  each nursery, 
but the paper was remarkably non-absorbent and no-one lik ed  
using them.
A certa in  routine was follow ed every day during the 
in v e stig a tio n , f i r s t  on flo o r  A and then on f lo o r  B 
when i t  opened. Three sheep blood agar p la te s  were 
put down on the f lo o r  o f the nursery every day in  two o f  
the cu b ic les  and the v e st ib u le s . They were put ihere
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at nine o 'c lo ck  in  the morning and removed at one p.m.
This time was chosen because cond itions were standard as 
fa r  as p o s s ib le . The babies had been bathed, dressed and 
th e ir  napkins changed, and taken to  th e ir  mothers in  the 
wards. The flo o r s  were cleaned in  the course o f the 
morning, but otherwise the n u rseries were q u iet. Any 
p a r t ic le s  which f e l l  on the p la te s  would be those l e f t  in  
the a ir  from the morning's a c t iv i ty  or ra ised  by the c lean in g . 
Large p a r t ic le s ,  sp lashes and scraps from b lankets would not 
be present ( i  had found that th ese tend to  g ive  m isleading  
r e s u l t s ) . At 1 p.m. the babies which had been born four  
days before were v is i t e d  in  the wards and swabs were taken 
from the um bilical cords and in  some cases from the nose and 
elsew here. At th is  time the babies had not been disturbed  
sin ce  th e ir  ten  o 'c lo ck  feed . Swabs were a lso  taken, on 
occasion s, from d ifferen t s i t e s ,  such as door handles, nurses' 
hands and hand tow els. On f lo o r  C, samples o f dust from the 
Vacuum cleaner were cultured for  a time as an a lte r n a tiv e  to  
the use o f s e t t l in g  p la te s .  Nasal swabs were a lso  taken from 
the mothers for. the f i r s t  few weeks, u p t i l  i t  became c lea r  
th a t, except in  one in stan ce, they contributed very l i t t l e  
to  the staphylococcal population o f the h o sp ita l.
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The r e su lts  o f th is  work are contained in  diagram 2.
x  This diagram i s  in  a pocket at the end o f the volume.
In i t ,  each swab from a 4-day-old  baby which y ie ld e d  a 
staphylococcus i s  represented by a square. A colour has 
been used to  represent the commoner phage typ es; non -hosp ita l 
types are represented by various forms o f shading. The page 
i s  divided in to  three h orizon ta l s ec tio n s , each row represent­
ing a f lo o r  o f the h o sp ita l. The lower part o f  each row 
shows the phage types o f a sample o f staph ylococci iso la te d  
from s e t t l in g  p la te s  or frcm fom ites in  the nursery; the  
upper p art, the swabs from the bab ies.
At the beginning o f th is  programme, I  was ca lled  away 
from th is  work because o f i l ln e s s  a t home, so none o f the  
babies were swabbed between A p ril 22nd and June 6th . I  
was fortunate th at Dr. Michael Dixon was good enough to  put 
down the s e t t l in g  p la te s  for  me over that period , and to  p ick  
a number o f  staphylococcal co lon ies from each, which I  was 
able to phage type la te r .
RESULTS
181 members o f s t a f f  were swabbed during t h is  
in v e s tig a tio n  and Staph, aureus was is o la te d  from 113 o f  them 
(62 *9$). 72 of th ese , mainly cleaners and student nurses,
worked in  the h o sp ita l fo r  a short time so that they were 
only swabbed once and the carriage rate from them was 
consequently lower -  45*8^. The rate  for  the 109 people  
who were swabbed two or more tim es was 73#3$>. 36 (33$>) were 
o f the "permanent*1 carr ier  type -  M iles? Williams & Clayton- 
Cooper (1944) > the same stra in  was iso la te d  from them on 
two or more occasions a t an in terv a l o f a t le a s t  a month.
44 (4 0 * i$ ) were "interm ittant" ca rr iers; sometimes no staphy­
lo c o c c i would be iso la te d  from them, w hile at other tim es 
various s tr a in s , u su a lly  those present in  the h o sp ita l. 20 
carried  two or more stra in s  at the same or d iffe re n t tim es,
29 ( 26*6$ ) never carried  Staph, aureus at a l l ,  however h igh ly  
contaminated the environment. This phenomenon o f p e r s is ta n t  
non-carriage has been described by many workers and i s  
discussed  by Hutchison, Green and Grins on (1937) in  a recent 
paper on n asal carriage in  nurses. I t  would be very 
in ter e st in g  to  know the reason fo r  t h is  s ta te  of res is ta n ce  
to  co lon iza tion , whether i t  might be the nature o f the nasal 
secretio n  or the presence o f organisms in im ica l to  staphy­
lo c o c c i. Seme people were found to  carry the same s tr a in  fo r
long p eriods; e ig h t  who were working in  the h o sp ita l a l l  
the time th a t in v e stig a tio n s  were going on did so for  periods  
of seven, e ig h t , ten , e lev en , fourteen , f i f t e e n  and s ix te e n  
months.
One o f the fa c ts  which emerged from th is  in v e s tig a tio n  
was th at the spread of Staph, aureus occurred in  two ways.
One was a long-term  wave o f in fe c tio n  which la s te d  severa l 
months and involved many bab ies. S tra in s  which become 
endemic in  t h is  way have come to  be known as "H ospital 
stra in s" . I t  i s  th e ir  presence which so o ften  makes 
in v e stig a tio n s  in to  the epidemiology o f Staph, aureus in  
h o sp ita ls  in con clu sive , fo r  they are so widespread th at i t  
i s  d i f f ic u l t  to  determine th e ir  o r ig in  or method o f spread. 
The other p a ttern  o f in fe c t io n  which became obvious was the 
com paratively short epidemic which could often  be shown to  
be assoc ia ted  w ith the presence of a ca rr ier . When th is  
person l e f t  the u n it, the s tra in  was no longer seen. These 
types o f  outbreak correspond to  the f i r s t  two o f the three  
kinds described by W illiams in  1956:- "In one type o f  out­
break only one or two ca rr iers  o f the epidemic "type can be 
found, and sometimes i t  i s  p o ss ib le  to  demonstrate reasonably  
c le a r ly  that one o f these i s  in  fa c t responsib le fo r  the 
spread o f in fec tio n . These epidemics are texminated by the 
exclu sion  o f the carr ier; they are not, however, p a r tic u la r ly  
common. In the second type the epidemic type o f stapby-
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lococcus i s  fa r  more widespread -  co lo n iz in g  the noses o f  
many o f the s t a f f ,  and "being w idely  d is tr ib u ted  in  fcm ites  
( e .g .  Blowers, Mason, Wallace and Walton, 1955). Such 
epidem ics cannot be terminated by the ex clu sio n  o f a few  
c a rr iers ; they may be co n tro lla b le  by ex ten sive  r ev is io n  
of a sep tic  technique, w ith , perhaps, the ad d ition  o f lo c a l  
chemotherapy aimed at e lim in atin g  the staphylococcus from 
the noses o f the ca rr iers."  (The th ird  type, which i s  
considered to  be due to  a general lowering o f standards was 
not seen in  th is  h o s p ita l) . W illiams .was, o f course, w ritin g  
about outbreaks o f c l in ic a l  in fe c t io n , but the r e su lts  o f  
t h is  in v e s tig a tio n  show th at staphylococci behave in  the same 
way when they are not causing le s io n s .
For c la r i ty  I  sh a ll  c a l l  the two kinds o f epidemic 
Williams* type I  ( lim ite d  and a ssoc ia ted  w ith  the presence 
of a s in g le  carrier) and type I I  (widespread and w ith  numerous 
ca rr iers  among s t a f f  and b a b ies).
The epidemiology o f the s tra in s  causing these two -types 
o f epidemic i s  i l lu s tr a te d  in  the diagram.
80. This s tr a in  was iso la te d  from the dust on the f i r s t  day 
th at the h o sp ita l opened. I t  was known to  be carried  by one 
student nurse at th at tame, but as. i t  was a lso  endemic in  
C ardiff Royal Infirmary i t  could very e a s i ly  be carried  on
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hands or c lo th e s  the short d istan ce  between the two h o sp ita ls .
On July 3 r d ., a student nurse from the Infirmary- who was a 
scanty ca rr ier  o f th is  s tr a in  entered the u n it, and on August 
1 s t . a p u p il midwife, a lso  from the Infirm ary, who proved to  
be a permanent ca rr ier . On August 10th, the organism was 
iso la te d  from a s e t t l in g  p la te , and on the 16th from the cord 
of a 4-day-old  baby. From th at time u n t il  the 20th. o f October, 
i t  appeared on th is  f lo o r  in  two other bab ies, both o f whom 
developed le s io n s . The mother o f one of them developed a 
breast abscess. I t  was iso la te d  from four swabs taken from
24-
door handles or towels in  the nurseiy and times, from s e t t l in g  
p la te s . At the end o f August, two more student nurses who 
carried  th is  s tr a in  entered the un it from the Infirmary; one 
to  work on flo o r  A, where t h is  s tr a in  was already endemic, 
the other on f lo o r  B and flo o r  C which was ju st about to  be 
opened. On September 10th, the p u p il midwife who was a 
heavy permanent carr ier  went to  work on f lo o r  C. On the 15th, 
the organism was iso la te d  frcm the cord of a four-day-old  baby 
on t h is  f lo o r . This was then follow ed by a sharp outbreak.
22 babies were in fec ted  between th is  date and the end o f October, 
o f whom a l l  but two developed some sort o f s e p s is . Two mothers 
had breast abscesses and a s t a f f  midwife went o f f  s ick  w ith  a 
dental abscess and was found to  be carrying th is  s tr a in . The
organism was iso la te d  from the dust on 24 days over th is  
period . By t h is  tim e, i t  was recognised th at t h is  srbrain 
had abnormally high v iru len ce  and step s  were taken to  
exclude the people who were carrying i t .  The three student 
nurses had e ith er  l e f t  the u n it or were no longer c a rr ie r s .
The permanent ca rr iers  were g iven  an ointment contain ing  
Neonyein and G-ramicin ( "Graneodin") to  rub in to  th e ir  n o s tr i ls ;  
w hile the S ta f f  Midwife did not lo se  the s tr a in  but l e f t  at  
the end of October. A system of obtaining swabs from a l l  hew 
s t a f f  before they entered the un it was organised -  i f  necessary  
by arrangement w ith  the nurse*s own doctor a t home. Seven 
ca rr iers  o f phage type 80 were found in  th is  way, one w ith a 
b o i l  on her neck. S ix  lo s t  the s tr a in  a fte r  treatm ent w ith  
the; nasa l ointment; the seventh who did not was removed from 
duty in  the n u rseries . L a tter ly  a l l  staphylococci were 
screened fo r  te tr a cy c lin e  r e s is ta n ce , which picked out s tra in s  
o f  this- phage type more quickly than phage typing could g ive  
r e s u lt s .  This s tra in  appeared once in  the un it a fter  these  
procedures had been adopted; on November 10th. i t  was grown 
from the cord swab o f a baby on f lo o r  A. This ch ild  had been 
given  a replacement tran sfu sion , which involved an amount o f  
handling by people who a lso  worked in  the main h o sp ita l. Two 
days la te r  another baby developed exten sive  spots from which
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th is  s tr a in  was is o la te d , and a th ird  a t the end o f November was 
a lso  in feo ted . I t  was is o la te d  from two s e t t l in g  p la te s  at 
about th is  tim e, hut during the r e s t  o f  the in v e s tig a tio n s  
i t  was not found.
5 2 /52A /6/7 /5 4 /7 3 /8 1 . This s tr a in  was a lso  iso la te d  from 
s e t t l in g  p la te s  on the f i r s t  day. The only ca rr ier  at th at  
time was a s t a f f  midwife who proved to  he a permanent ca rr ier .
At once the a ir  became h ea v ily  contaminated and during the  
course of the in v e s tig a tio n  th is  at ra in  has been is o la te d  from 
64 babies and from the environment on 139 days. I t  was 
acquired by 12 other members of s t a f f .  The nurse who was 
suspected o f introducing i t  l e f t  the un it a t the end o f October, 
but by th at time two s i s t e r s ,  working on flh ora  B and C, and a 
S t a f f  Midwife on night duty had acquired i t .  Towards the end 
o f the in v e stig a tio n  i t  became rare on f lo o r  A but p e r s is te d  
on f lo o r  B.
52A/79. This s tr a in  has a lso  been present frcm the s ta r t .
The only known ca rr ier  at th at time was one o f the s is t e r s  
who a lso  had a non-typable s tr a in  in  her nose and who lo s t  
52A/79 a fter  f iv e  weeks. By th is  time a student nurse carrier  
was present; nine other members o f s t a f f  have been found to be 
carrying i t  and i t  has been iso la te d  regu larly  from a l l  f lo o r s
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over th e  whole p eriod . I t  has appeared sp ora d ica lly , rather  
than in  outbreaks; a ltogeth er  i t  has been iso la te d  46 tim es 
from b ab ies, 77 tim es from the environment.
421/ 77. Present on f lo o r  A from the f i r s t  day, th is  s tra in  
was widespread u n t il  the middle of September. I t  appears 
to  have been introduced by one o f the s i s t e r s  who worked in  
the b u ild in g  before the un it opened. She went to  work in  
the A nte-N atal C lin ic  in  May and had no further contact w ith  
th e n u rseries . This s tr a in  was very common in  the f i r s t  
few months and was iso la te d  from 43 bab ies and from the 
environment on 90 occasion s. Pour other members o f  s t a f f  
a lso  acquired it*
7 /5 4 . T his s tra in  f i r s t  appeared in  a baby on June 21st on 
f lo o r  A. I t  had a very ch aracteristic: appearance, being a 
b righ t lemon ye llow  colour, and had not been seen b efore. A 
m edical student, who was swabbed on June 10th, and who had 
ju st came to  work in  the un it was found to  be carrying the 
same s tr a in . He l e f t  a t the end of July  but h is  s tr a in  
p e r s is te d  on flo o r  A u n t il  the end o f the in v e s tig a tio n .
Only one other member of s t a f f  acquired i t ,  a p u p il midwife 
at the end o f  Januazy. Another m edical student and a 
cleaner were found to  be car ly in g  a s tr a in  o f  sim ilar phage 
type at the beginning o f Deoember, but i t  had not the ty p ica l
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y e llo w  colour o f the o r ig in a l s tr a in  and may have had a 
d iffe r e n t o r ig in . I t  was iso la te d  from 3 hah ies and 8 
samples ot  a ir  on f lo o r  B a t th is  tim e. The o r ig in a l  
yellow  s tr a in  was obtained from 41 babies and 100 tim es frcm 
the environment. A l l  the is o la t io n s , except 7 from babies 
and one from a s e t t l in g  p la te  were made a fte r  the o r ig in a l  
ca rr ier  had l e f t .
6 /4 7 . This i s  a common s tr a in  outside th is  h o sp ita l and i s  
endemic in  S t . David*s. I t  was not seen, apart from two 
is o la t io n s  from the a ir  on September 14th and 2 1 st, u n t i l  
November 1 3 th ., when i t  appeared in  a baby on f lo o r  B. This 
was follow ed by a shower o f is o la t io n s  from s e t t l in g  p la te s ,  
and 3 mhre in fa n ts  were found to  be in fec ted  in  the next day 
or two. On the 1 6 th ., i t  was iso la te d  from a baby on Floor A; 
no others were found to  be in fec ted  on t h is  f lo o r , but a 
student nurse had acquired the s tra in  by November 17th. I t  
continued to  be obtained from the environment there u n t il  
January 12 th ., on 10 separate days. I t  p ersis ted  longer on 
Floor B, where 8 babies were colonized  and was iso la te d  24 
tim es from the environment . The only known carr ier  at the 
beginning o f November was a p u p il midwife, a permanent ca rr ier , 
who worked on f lo o r  C u n t il  December 10th. when she was 
transferred  to: f lo o r  B.
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52A. T his s tr a in  g iv e s  rather a confused ep idem iolog ica l 
p ic tu re . I t  i s  only f a in t ly  ly sed  "by the phage and may 
sometimes have been c la ssed  as untypable. There have been 
three permanent ca rr iers  o f i t  present in  the u n it from the 
beginning, the' n ight superintendent, a s t a f f  midwife and a 
p u p il m idwife. I t  has been iso la te d  a t in ter v a ls  throughout 
the in v e s tig a tio n , but has not caused any n oticeab le  epidem ic. 
I t  became more common towards the end, p o ss ib ly  because the 
p u p il midwife re-entered  the un it a fter  having been i l l .  
A ltogether i t  was iso la te d  from 38 babies and from s e t t l in g  
p la te s  on 63 occasions.
These seven s tr a in s  are the ones which I  considered to  be 
the "hospital" s tr a in s  -  or those which caused the second type 
o f epidemic described by W illiam s. They are represented by 
d iffe r e n t colours in  the diagram. The f i r s t  type o f epidemic 
appeared to  be a ssocia ted  w ith  sane staphylococci which w i l l  
now be described, i l lu s t r a t in g  an a sso c ia tio n  between carrier  
and outbreak. These s tra in s  are: represented in  the diagram 
by various p attern s such as cross-hatch ing.
79/7/42E. This was carried  by one person only, a p u p il 
midwife, who was present when the un it f i r s t  opened. I t  
appeared on s e t t l in g  p la te s  w ith in  11 days and a sm all
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outbreak o f a e r ia l  contam ination follow ed -  9 is o la t io n s  
over 29 days, (b ab ies were not being swabbed a t th is  t im e). 
T his nurse then went on n ight duty and her s tr a in  d id  not r e -  
appear u n t i l  the beginning o f August, when she returned to  
f lo o r  A. Four babies were in fec ted  on August 3rd, 6th  and 
9th , and s e t t l in g  p la te s  were colon ized  on 8 occasions 
between August 5th and 25th. On September 4th . t h is  nurse 
was transferred  to  f lo o r  C. Three babies were in fec ted  
there before she l e f t  the h o sp ita l a t the end o f  October.
6 /7 /  47 / b l f 54/75 • This s tr a in  was f i r s t  iso la te d  from the
sk in  and c lo th in g  of a p u p il midwife on August 8th . Another 
type was grown frcm her nose, which p e r s is te d . The skin  
s tr a in  was not iso la te d  from her or from anyone e ls e  u n t i l  
i t  was found to  be carried  by a student nurse a t the end of 
November. Whatever i t s  source, i t  caused a sharp outbreak 
o f environmental contamination on flo o r  A, although no Sepsis  
resu lted . Between August | 8th  and September 23rd ., 13 babies 
were in fec ted  and 22 samples from the environment. Three 
babies a lso  acquired th is  s tr a in  on f lo o r  B, i t  was found 4  
tim es on s e t t l in g  p la te s  and once on flo o r  C. I t  was la s t
seen  te n  days a f t e r  th e  c a r r ie r  l e f t  th e u n it .
79/3A/  5E/7 /k2S/5h /70. This was the s tra in  which was carried
in  the nose o f the same nurse. She f i r s t  worked on flo o r  A
where i t  was iso la te d  from 3 hahies and from s e t t l in g  p la te s
or door-handles on 6 occasions. Next, she went to  work on
night duty on a l l  f lo o r s  and her s tr a in  was found to  he
once.
carried  by a bahy on flo o r  B and f i ve- times on s e t t l in g  p la te s .  
In January a cleaner acquired th is  s tr a in .
47/ 53/ 75/ 77• This s tr a in  was carried  by a p u p il midwife 
who joined the u n it at the beginning o f August; she continued  
to  carry i t  u n t i l  the end of October. She f i r s t  went to  
work on f lo o r  B and the same s tra in  was iso la te d  from a door­
handle on {September 9th , and from 2 babies and a s e t t l in g  
p la te  on the 12th, On being transferred  to  f lo o r  C she 
in fec ted  5 babies and two s e t t l in g  p la te s . Two babies on 
f lo o r  A y ie ld ed  th is  s tr a in  on September 28th, and a s e t t l in g  
p la te  on October 1 s t . No more was seen o f i t  a fte r  the 
ca rr ier  became n egative. This s tr a in  i s  one o f the s ix  
described t y  W illiam s (1959) as being respon sib le  fo r  a 
number o f h o sp ita l outbreaks. I t  was r e s is ta n t to  s trep to -  
nycin  as w e ll as to  p e n ic i l l in .  I t  i s  in ter e st in g  th at 
although there was ample opportunity, no epidemic of in fe c t io n  
occurred in  C ardiff.
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421/77. The ca rr ier  o f th is  s tr a in  was a lso  a p u p il 
midwife who joined the u n it a t the beginning o f August, 
working mainly on f lo o r  B. I t  was iso la te d  from the 
environment there 18 tim es and from 3 b ab ies. I t  a lso  
appeared on f lo o r  A -  on two s e t t l in g  p la te s  -  where she 
worked fo r  a short tim e, and s im ila r ly  was iso la te d  from 
3 bab ies on flo o r  C.
55. This s tr a in  appeared suddenly on f lo o r  A a t the 
beginning o f October; i t  was grown from the environment 
f iv e  tim es and from 2 bab ies. A m edical student who 
started  work on October 1 s t , was found to  be carrying i t .
71. This s tr a in  appeared sp orad ica lly  on flo o r s  B and 
C during the la s t  three months of the in v e stig a tio n . A 
sim ilar  but not id e n tic a l one was iso la te d  from a student 
nurse who worked on those f lo o r s  and from the orderly on 
f lo o r  C. I t  was grown a ltogeth er  from 3 babies and from 
the environment 11 tim es.
7/A 7/ 54/ 77. This s tra in , which was r e s is ta n t  to  streptonycin  
as w e ll as p e n ic i l l in ,  was carried by a member off the 
p a ed ia tr ic  s t a f f  who was present in  the h o sp ita l throughout 
the in v e s tig a tio n . I t  was not iso la te d  from any babies 
but was obtained from the environment on 8 w idely separate
occasions and on a l l  th ree f lo o r s .
3A. Two v a r ie t ie s  o f th is  phage type were iso la te d  in  the  
h o sp ita l. One, which produced no alpha ly s in  and was 
s e n s it iv e  to  p e n ic i l l in ,  was carried  by a cleaner who was 
present from the beginning of June onwards. She may have 
been resp on sib le  fo r  an epidemic of environmental contamina­
t io n  between June 24th and Ju ly  23rd. on that f lo o r , in  which 
t h is  s tr a in  was grown from s e t t l in g  p la te s  on 7 occasions.
A s t a f f  midwife who came to  work in  nursery A at the beginning  
of December carried  a sim ilar  s tr a in , but she appeared to  be 
respon sib le fo r  no d issem ination except fo r  one is o la t io n  
from a s e t t l in g  p la te  on December 14th. A p u p il midwife 
who entered the u n it at the beginning o f November carried  a 
l y t i c ,  p e n ic i l l in -r e s is ta n t  s tr a in  o f type 3A, but she had 
lo s t  t h is  s tr a in  when reswabbed on December 2 1 s t . ,  and 
January 25th . She worked on flo o r  B from November 1 st to  
December 10th and a fter  th is  she went on night duly. 
A ltogeth er, 8 babies were in fec ted  w ith  th is  s tr a in  between 
November 14th and December 2nd, and i t  was iso la te d  from the 
environment on 16 occasions over th is  period.
This s tra in  was carried by a student nurse who worked 
on f lo o r  C before i t  was opened, and la te r  there and on 
f lo o r  B. I t  was iso la te d  from vacuum cleaner dust from
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f lo o r  C on September 1 0 th ., 13th and 28th, and from a baby 
on September 11th. Later i t  appeared on f lo o r  A, on 
January 20th , from a baby and 21st and 22nd from s e t t l in g  
p la te s , but the o r ig in  o f th is  in fe c t io n  was not known.
3C/71. Staphylococci o f  t h is  phage type were is o la te d  from 
s e t t l in g  p la te s  on f lo o r  A on May 15th, 18th, 20th and 26th . 
As no swabbing was being done a t th is  tim e, the o r ig in  o f  
t h is  l i t t l e  outbreak was not d iscovered.
75/77. Another s tra in , b esid es  the one mentioned b efore, 
i s  o f  in te r e s t  because i t  did not cause an epidem ic. This 
was one o f phage type 75/ 77, r e s is ta n t  to  p e n ic i l l in ,  
streptom ycin and the te tr a c y c lin e s . The student nurse 
from whom t h is  staphylococcus was iso la te d  on October 1 st  
and 2 1 st, worked on flo o r  A from the beginning o f October 
u n t i l  November 11th. This s tr a in  was not iso la te d  at &11 
from s e t t l in g  p la te s  and only once from a baby, on December 
2nd. I t  i s  surprising th at no further cases occurred, 
fo r  t h is  a lso  i s  one o f the s ix  s tra in s  which W illiams found 
to  be commonly assoc ia ted  w ith  outbreaks of sep s is .
A ll  the staph ylococci described here, except those o f type 3A, 
already d iscussed  and some o f  6/ 47, were r e s is ta n t  to  
p e n ic i l l in .
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These are the p r in c ip a l s tr a in s  which appeared to  he 
spreading round the h o sp ita l and were a sso c ia ted  w ith  the 
presence o f  a nasa l carrier  among the s t a f f .  In nearly  
every case there i s  evidence th a t the carr ier  was p o s it iv e  
fo r  th at s tr a in  before she or he started  work. A number 
o f  other s tr a in s  were iso la te d  which have not been included  
in  th is  l i s t ;  some were not typable, or were not easy  to  
define as phage types; others were only seen once or twice 
or not enough to  be ca lled  epidemic. One small outbreak 
on f lo o r  A may be mentioned, as i t  i s  an unusual example o f  
spread from a mother. She was found to  be carrying s tr a in  
5 /55 /5^ 75^ 77  on admission on June 17th. I t  was not iso la te d  
from her own baby but was grown from a s e t t l in g  p la te  oh 
June 26th, and from another baby on June 27th. I f  was found 
on 4  more s e t t l in g  p la te s  between then and July 11th.
Another in c id en t that i s  of in te r e s t  i s  a c lea r -cu t case 
o f spread from a baby.
This in fan t was admitted from the d is t r ic t  on August 15th
and found to  be carrying s tr a in  53/7V*77 on i t s  nose and cord 
on th at day. I t  appeared on a s e t t l in g  p la te  on the 1 8 th ., 
was iso la te d  from another baby on the 22nd, and from door 
handles on that day and the 25th. There were 7 more iso la t io n s  
from s e t t l in g  p la te s  between then and September 25th. The 
baby l e f t  the un it on September 1 4 th ., carrying one of the 
epidemic stra in s  as w e ll as i t s  own.
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One o f the fa c ts  which I  was anxious to  determine 
from t h i s  in v e s t ig a tio n  was the part played by n asal 
ca rr iers  in  the spread o f stap h ylococc i. The m ost 
in te r e s t in g  ca rr iers  from th is  p o in t o f view  were those  
who were permanent ca rr iers  o f s tra in s  which were new to  
the h o sp ita l. Where they had been shown to  be carrying  
these s tr a in s  before they  started  work, i t  could be assured  
th at ary o f  th ese  staphylococci which appeared among the 
b ab ies or in  the environment must have come from them 
o r ig in a lly . Table 2 shows these ca rr iers , c la s s i f i e d  
according to  th e ir  type of work.
From t h is  tab le  i t  may be seen th at nasal ca rr iers  do 
spread th e ir  s tr a in s  to  the babies and the environment.
A l l  23 o f  th ese  permanent ca rr iers  o f non -hosp ita l s tra in s  
were responsib le for  seme spread, though the amount varied  
g rea tly . Presumably carr iers o f h o sp ita l strains, would be 
resp on sib le  for  a s im ila r  dissem ination , but th is  would be 
much more d i f f i c u l t  to  demonstrate because o f the ubiquity  
o f  th ese s tr a in s  already. I t  might be expected th at people  
who work most c lo se ly  w ith  bab ies would spread th e ir  organisms 
to  them most o ften . The number of non -hosp ita l s tra in s  are 
too sm all to  prove th is  here, but there did appear to be
l e s s  spread from the doctors, m edical stud en ts, s i s t e r s  
and clean ers than from the p u p il midwives who carry out 
most o f the routine nursery care. Student nurses help  
them in  t h i s ,  hut in  the present in v e s tig a tio n  remarkably 
few in  t h is  group carried  e a s i ly  recogn isab le s tr a in s .
T his was probably because th ey  had worked before in  C ard iff 
Royal Infirm ary, w hile p u p il midwives came from h o sp ita ls  
a l l  over th e country.
T A B L E  3.
The Spread o f Staph, aureus from Nasal C arriers o f  
xfon-hospiiaJ- S tra in s .
Type o f  
work
Phage type Type o f  
outbreak
N o .iso la ted  N o .iso la ted
from babies from , environment
S is te r s 421/70
29/52
W 7 7 II
2
3
43
2
6
89
S t a f f
midwives
3A
53/52^ 7/ 53/81 11 64
1
132
P u pil
midwives
79/7/42E
80
52/77
7 9 / ^ 3 ^ 4 2 ^ 7 0
47/ 53/ 75/77
6/47
3&
I
I
I I
I
I
I
I I
I
7
7 
25
3
4  
4 
9
10
8
11
18
56
3
27
13
7
39
16
Student
nurses
Doctors
7 5 /T l
7/47/5V77 8
Medical
Students
55
7 /54
I
I I 41
5
100
Domestic
s t a f f 71
52
7/54
3A
11
4
7
7
PARC II
In v estig a tio n s  in to  the Mechanism and Prevention o f  
ffroas-In fection .
I .  Dust Suppression by Vacuum C leaner.
Introduction
This i s  a study o f the use o f a cy lind er model vacuum 
cleaner and i t s  e f f e c t  on airborne b a c te r ia l counts and nasal 
in fe c t io n  ra tes in  in fa n ts . This type of machine was
in v estig a ted  by Rogers in  1951; he found th a t, provided  
the bag was not brand new, i t  would hold back staph ylococci 
and other organisms. Experiments showed th at both in  rooms 
where the f lo o r  was o ile d  and where i t  was not, the use o f a 
vacuum cleaner g rea tly  reduced the airborne b a c te r ia l count.
Dry sweeping was carried  out in  C ardiff M aternity H ospital 
during May and June u n t i l  a cy linder-type cleaner was acquired 
at the beginning o f Ju ly . I t  was not u n t il  September that two 
others were bought for the other f lo o r s , so that during August 
and September f lo o r s  A and B had to  share one machine. This 
was an id e a l arrangement for a con tro lled  t r ia l  in  which 
in fec tio n  ra tes and dust counts might be compared on the two 
f lo o r s  w hile the cleaner was used on one and not the other.
Like Rogers, I  found that there was no c ro ss -in fec tio n  between 
f lo o r s . My a tten tio n  was drawn to  the part played by a vacuum
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cleaner "because I n oticed  that the to t a l  amount o f b a c te r ia l  
growth and the number o f Staph, aureus co lo n ies  were lower in  
July than "before. In May and June, they had varied g rea tly  
and had sometimes been very high. I  f i r s t  thought th at th is  
f a l l  might be a ssoc ia ted  w ith  the unusually hot weather which 
was occurring a t that tim e. Indeed, a gra|*K(Diagram 3) o f the  
maximum d a ily  temperature and the to t a l  number o f staphylococcal 
co lo n ies  shows a remarkable inverse co rre la tio n  between the two. 
Then I  discovered th at the vacuum cleaner was brought in to  use 
at the beginning o f Ju ly  and that a very en ergetic  spring clean  
o f th e whole h o sp ita l was carried out a t that time in  prepara­
tio n  fo r  the o f f i c ia l  opening of the h o sp ita l by the Duchess o f  
Kent, on Ju ly  12th. Which o f  these two fa ctor  contributed  
most to  the low counts in  July  and August i t  i s  d i f f ic u l t  to  say. 
Increased v e n tila t io n  frcm open window^, or the b a c ter ic id a l  
e f f e c t  o f su n ligh t (a s  shown by G-arrod in  1944) may have been 
resp on sib le . The nurseiy windows were whitewashed on August 28th. 
as the rooms were becoming overheated, but the temperature began 
to  f a l l  a f te r  th at so th is  e f f e c t  cannot be proved.
The con tro lled  t r i a l  of the e f fe c t  of the c leaner, f i r s t  on 
f lo o r  B and then on flo o r  A took p lace from August 23rd. to  
October 29th. As counts were made on both flo o rs  at the same 
time allowance was made for  the e f f e c t s  of the heat wave.
The in v e s tig a tio n  was in  three parts: a) to  compare the
to t a l  numbers o f airborne b a cter ia  on the two f lo o r s , b) to  
compare the numbers of Staph, aureus co lo n ies  iso la te d  from 
the a ir , and c) to  see i f  there was any e f f e c t  on in fe c t io n  
ra tes  in  babies as shown by nose and cord swabs.
Methods.
In th is  experiment the babies were swabbed w hile they  
were s t i l l  in  the nursery, being between 12 and 24 hours old. 
S e tt lin g  p la te s  were put down as described in  the previous 
sec tio n . For the f  i r s t  25 days the cleaner was used on flo o r  B 
and not on flo o r  A: A fter an in terv a l o f four days i t  was
transferred  to flo o r  A and the experiment repeated. The to t a l  
b a c te r ia l growth on three p la te s  was recorded by ah arbitrary  
system of numbers, 1 representing le s s  tjjan 20 co lo n ies ,
2 between 20 and 50, 3 more than 50, and 4  a very heavy growth. 
The number o f Staph, aureus co lon ies on the three p la te s  were 
counted; th ese fig u res  are shown grap h ica lly  in  diagram 4a; 
the in fe c t io n  ra tes in  babies are i l lu s tr a te d  in  diagram 4b.
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R e su lts :
a) To show the to t a l  b a c te r ia l growth on three s e t t l in g  
p la te s  in  four hours
T est f lo o r  Control f lo o r
Amount o f b a c te r ia l growth
1 2 3 4  1 2 3 4
F loor   .................................  F loor . - . . - n.
A 26 44 5 A 1 49 22 2
b) To show the average number of Staph, aureus co lon ies  
iso la te d  on three s e t t l in g  p la te s .___________________
T est f lo o r  Control f lo o r  N o.of days D ifferen ce Standard Error
B 4*68 A 7*64 25 2*96 1*42
A 8-32 B 10*58 31 2*26 1*72
c) To show the e f f e c t  o f vacuum cleaning on in fec tio n  ra tes  
in  babies
N asal swajas:
T est f lo o r  Control f lo o r
B. 7 p o s it iv e  out o f  24 -  29*1# A. 11 p o s it iv e  out of 36 -  30*( 
A 4  " « 27 -  14*96 B. 6 " ” " 32 -  18*:
Cord swabS'i
B 16 " 11 11 27 -  59*3$ A 16 " 11 " 36 -  44*f
A 15 11 ” " 33 -  45*36 B 17 " ” M ¥ ) -  42*f
f0
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I t  may be seen from these ta b les  th at where the vacuum 
cleaner was in  use, fewer organisms were iso la te d  on 
s e t t l in g  p la te s  and fewer co lo n ies  o f Staph, aureus ( though 
the d ifferen ce  in  the second part o f experiment b) was not 
s ig n if ic a n t . There was no d ifferen ce in  the in fec tio n  rates  
of the b ab ies, e ith e r  o f nose or cord.
D iscu ssio n :
The fin d in gs in  th is  in v estig a tio n  r a ise  a problem which 
i s  s t i l l  under d iscu ssio n  -  the importance of dust in  h o sp ita l 
c r o ss - in fe c t io n . The e a r l ie s t  methods o f dust suppression were 
the o i l in g  of f lo o r s  and b lankets. In 1944* Wright, Cruickshank 
and Gunn demonstrated a reduction of haemolytic strep to co cc i of 
9Tfo and o f  to t a l  b a cter ia  o f 91% in  the a ir  of a measles ward 
by these means. When flo o r s  alone were o ile d  there was no 
d ifferen ce  in  amount o f in fec tio n , but when blankets were treated  
too , the strep tococca l c ro ss -in fec tio n  rate and incidence of 
m iddle-ear com plications f e l l .  In a la te r  study, however,
Begg, Sm ellie and Wright (1947) found that w hile these procedures 
were su ccessfu l in  suppressing dust-borne b acteria , there was no 
a lte r a tio n  in  the amount of c ro ss -in fec tio n  w ith haemolytic 
strep to co cc i. Marsh and Rodway, working in  a m aternity h o sp ita l  
in  1954, made a study o f the problem as i t  a ffec ted  nasal 
carriage o f Staph, aureus in  in fa n ts . They found that 
d is in fe c t io n  o f b lan kets, m attresses and p illo w s (but not the
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o il in g  o f f lo o r s  alone) reduced the b a c te r ia l contamination 
o f ward dust but not the number o f in fa n ts  carrying Staph. 
aureus. Clarke, D a lg le ish , Parry and G ille sp ie  in  the same 
year published an account o f a sim ilar  in v estig a tio n  in  two 
su rg ica l wards. They found that o il in g  the f lo o r , screens 
and bedclothes in  one o f  the wards was follow ed by a reduction  
in  the numbers of b a cter ia  in  the a ir  of the treated  ward, but 
the nasal and wound c r o ss - in fe c t io n  rates were unaffected .
The part played by contamination o f blankets in  c r o ss - in fe c tio n  
i s  s t i l l  a con tra v ersia l question. When they are d is in fec te d , 
e ith e r  by quaternary ammonium compounds or by formaldehyde', ' 
airborne b a c ter ia  are g rea tly  reduced. (Blowers and W allace, 
1955* and Schwabacher, Salsbury and Fincham, 1958) but although  
i t  appears th at the in fe c t io n  rate i s  a lso  decreased, t h is  has 
not been proved to  happen as a d irec t r e su lt . Presumably 
blankets can spread in fe c t io n  by contact as w e ll as by 
sca tter in g  organisms in to  the a ir .
The conclusions which may be drawn from the present study 
are sim ilar  to  those of Wright e t  a l ,  Marsh and Rodway, and 
Clarke e t  a l .  -  th at a decrease in  the numbers of Staph, aureus 
in  the a ir  i s  not n ecessa r ily  follow ed by a f a l l  in  the cross­
in fe c t io n  ra te . Airborne in fec tio n  did not appear to  be the 
most important route o f c r o ss - in fe c t io n  in  th is  h o sp ita l.
I I .  Treatment o f Nurses* Hands w ith  Chlorhexidine Cream.
Introduction .
From the previous in v estig a tio n  i t  appears th at a 
reduction in  the to t a l  amount o f airborne staph ylococci does 
not d im in ish  the airborne in fe c tio n  rate  in  bab ies. This 
in d ic a te s  that tran sfer  of organisms by another route may 
be more important. In order to  study t h is ,  a way o f  
cu ttin g  down c r o s s - in fe c t  ion by hand contact was required.
In 1955* Murray and Caiman published a paper on the con tro l 
of c r o ss - in fe c t io n  by means o f an a n t ise p t ic  hand-cream.
The substance te s ted , Chlorhexidine, was found in  laboratory  
experiments to  be **capable of grea tly  reducing the b a c te r ia l  
count of the sk in . Use of the cream in  the wards led  to  a 
marked decrease in  the number of c l in ic a l  cases o f staphylo­
cocca l in fec tio n ; during the period o f t r ia l  no groups of 
in fe c t io n  were seen in  any ward or nursery.” No c l in ic a l  
t r i a l  was carried  out. I  decided, th erefore, to  see how the 
use of th is  hand cream by the s t a f f  in  C ardiff M aternity 
H ospita l would a f fe c t  the number o f staphylococcal co lon ies  
on s e t t l in g  p la te s  and the nasa l carrier  ra tes in  bab ies, as 
in  the previous experiment.
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Methods.
Tubes o f the  cream were p u t b esid e  each  wash-hand 
b a s in  and a l l  th e  s t a f f  on f lo o r  A in s tru c te d  to  rub the  
cream in to  t h e i r  hands every  time th ey  washed them.
Floor B was used as a con tro l; the in v estig a tio n  was 
carried  out fo r  67 days, from November 7th u n t il  January 24th. 
U nfortunately I  was not able to  carry out the second part o f  
th is  experim ent, in  which the cream should have been used on 
f lo o r  B and not on f lo o r  A. I t  must be considered incomplete 
fo r  th is  reason and no d e f in ite  conclusions drawn from i t .
R e su lts .
TABLES 3a and b .
a) To show th e  average number of S taph , aureus co lo n ies  
is o la te d  on th re e  s e t t l i n g  p la te s  in  fo u r hours.
T est f lo o r_______ C ontro l f lo o r  D iffe ren ce  S tandard  E r ro r
A 7*99 B 10-28 2-29 1-25
T&) To show th e  e f f e c t  on in fe c tio n  rates in  b ab ies  of the
use of C hlohexidine hand cream by th e  s t a f f ,  (n a s a l swabs 
~ o n ly ).
T est f lo o r  -  A -  32 p o s it iv e  out of 87 -
Control f lo o r  -  B -  49 M " " 80 -  6 1 * ^
D ifferen ce 24*4 Standard Error 7*5
These r e s u lt s  are i l lu s tr a te d  in  diagrams 5a. and 5b.
These fin d in gs show that there was a s ig n if ic a n t  
d ifferen ce  between the number o f new-born babies carrying  
Staph, aureus in  th e ir  n o s tr i ls  on the t e s t  and con tro l f lo o r .
I t  may be seen  from diagram 5b th at the number o f p o s it iv e  
swabs became fewer towards the end o f the period; th is  may be 
the r e s u lt  of a campaign to  make sure th at the nurses r e a lly  
did use the cream in  the wards and th eatre as w e ll as in  the 
nursery. S everal n o tice s  were put up to  th is  e f f e c t .  The 
d ifferen ce  between the number of Staph, aureus co lo n ies  iso la te d  
was not large  enough to  be s ig n if ic a n t . I t  i s  p o ss ib le  that 
other fa c to r s , which would have been allowed for  i f  the t e s t  
had been repeated w ith  the t e s t  and control f lo o r s  reversed, 
were at work to  g ive th is  r e s u lt . I f  b ab ies’ n o s tr i ls  were 
in fec te d  only from the a ir ,  one would have expected the 
d ifferen ce  in  the airborne staphylococci to  have been as great 
as th at in  the nasal carrier  rate . Is  i t  p o ssib le  th at the 
b a b ie s ’ noses were in fec ted  from a source other than the a ir  
o f the nursery -  th e ir  own hands, blankets or clothes? This 
p o in t i s  not c lear  from th e lim ited  data a v a ila b le .
D iscu ssion .
My a tten tio n  was drawn to  the dangers of inadequate 
d is in fe c t io n  o f hands when dealing w ith  Staph, aureus by an 
in cid en t which occurred in  the course of ny laboratory work.
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I  contaminated my hands a cc id en ta lly  w ith  th is  organism 
and at once scrubbed them thoroughly w ith  soap and water.
I t  occurred to  me to  take a swab from them afterwards; the  
r e s u lt  was quite a heavy growth o f  Staph, aureus. I repeated
t h is  sev era l tim es and found that even a fter  washing them for  
two m inutes, my hands s t i l l  y ie ld ed  a few organisms. This 
seemed to  in d ica te  a dangerous s ta te  o f a f fa ir s .  Most people 
who work in  h o sp ita ls  assume th at a thorough scrubbing w ith  
soap and water w i l l  d is in fe c t  th e ir  hands, and so, r e ly in g  on 
t h is ,  th ey  may handile a su scep tib le  p a tien t immediately a fte r  
touching contaminated m ateria l. Even the most conscientious  
nurses ra re ly  have time to  wash th e ir  hands for  more than a 
minute, u n less they are a c tu a lly  working in  th eatre . To make 
sure about th is ,  I  paid a v i s i t  to  the nh rseries severa l times 
w hile the morning routine o f changing and cleaning the babies  
was going on. The hands o f 11 nurses were swabbed before and 
a fte r  they were washed in  the usual way. S ix  were p o s it iv e  
fo r  Staph, aureus on both occasions, one acquired the organism 
and one lo s t  i t .  The staphylococci iso la te d  were of the 
phage type endemic a t the tim e, and not the nurses* own nasal 
s tr a in s . Swabs were taken from door-handles o f cu b ic les  and 
hand-towels in  the nurseries over a period o f severa l months; 
l£ffo o f 147 door-handles were p o s it iv e  fo r  Staph, aureus and 
Kffo o f 53 tow els . The average time which a nurse was able to  
spare fo r  hand-washing between the handling of each baby was 
15 seconds.
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The in e ffe c t iv e n e ss  o f  soap against Staph, aureus has 
been known for a long tim e. Walker in  1924 in v estiga ted  
the germ icidal p rop erties o f chem ically pure soaps, using 
broth cu ltu res o f  organisms which he inoculated  in to  d if fe re n t  
concentrations o f pure soaps such as sodium lin o le a te  and 
la u ra te . He found that pneumococci were k i l le d  by a 1^/12,240 
so lu tio n  o f l in o le a t e ,  w hile S .ty p h i r e s is te d  2000 tim es th is  
concentration . Most o f the s tra in s  of staphylococci te s ted  
were not k i l le d  by any o f the concentrations used, even in  
15 m inutes. P rice  (1938) found th a t, w hile handis were never 
com pletely s t e r i l i z e d  by washing w ith soap and water, two 
minutes was the average time taken fo r  the removal o f  
’‘tra n s ien t11 organisms. Colebrook and Maxted (1933) reported  
th at stap h ylococci could s t i l l  be recovered from the hands 
a fte r  they had been washed for as long as f iv e  m inutes. In 
order to  l im it  th is  degree of hand contamination, various 
sk in  d is in fe c ta n ts  may be used, but many are not su ita b le  for  
prolonged u se. Chlorhexidine which was f i r s t  described by 
D avies in  1954? was found to  be the b est general a n tise p tic  
fo r  the purposes o f midwifery by Murray and Caiman in  1956.
I t  was used by Lowbury in  an in v estig a tio n  in to  methods o f  
preventing c r o s s - in fe c t  ion  of burns w ith p e n ic i l l in -r e s is ta n t  
staph ylococci in  1955- He found th at i t  exerted a d e fin ite  
prophylactic  e f fe c t  and that no r e s is ta n t organisms were
found. Since then, Chlorhexidine has been used w idely  
in  h o sp ita ls  where a regime designed to  cut down cross­
in fe c t io n  has been in s t itu te d . I have not seen an account 
o f a complete c l in ic a l  t r i a l  o f i t s  e f fe c t iv e n e s s  as a hand 
cream in  reducing c r o ss - in fe c t io n .
An a ltern a tiv e  way of dealing w ith the problem i s  th at  
g loves should be used more o ften , as Colebrook suggested in  
1955 • These could be d is in fec te d  on the hands during the 
nursery rou tin e, much stronger concentrations being used 
than the sk in  could to le r a te , provided the d is in fec ta n t was 
thoroughly rinsed  o f f  each tim e. The disadvantage o f g loves  
i s  th at nurses do not l ik e  using them for handling babies and 
f in d  th at th e ir  hands become uncomfortable i f  they are covered 
fo r  long p eriod s. The use of g loves might be lim ited  to  
cer ta in  procedures, such as the handling of p a tien ts  who were 
known to  be in fec ted , or h eav ily  contaminated areas such as 
um bilica l cords. I t  i s  most important th at the s t a f f  
r e a l is e  th a t th e ir  hands probably are contaminated a fter  they  
have touched any baby o f more than a day old  and that soap and 
water do not d is in fe c t  them.
I I I .  E lim ination  o f R eservoirs o f In fec tio n : the U m bilical Cord*
Introduction .
During my work a t S t .  D avid's H osp ita l, I  took swabs 
from various p laces on the babies and found th at the um bilical 
cord was in fec ted  more o ften  than any other s i t e .  There was 
a very heavy growth there and Staph, aureus was u su a lly  in  
pure cu ltu re . Therefore, I  considered th a t th is  s i t e  was 
the most convenient one for routine swabbing in  in v estig a tio n s  
in to  the incidence o f Staph, aureus as Forfar and h is  co lleagues  
had done in  1953. In June, 1933, I  was asked to  in v estig a te  
the case o f a baby who had died in  a small m aternity h o sp ita l 
from strep to co cca l septicaem ia fo llow ing l iv e r  abscesses.
Nose and throat swabs were taken from 17 members of s t a f f  and 
25 mothers, and cord swabs from the 14 babies present in  the 
n u rseiy . As might be expected, 15 o f the s ta f f  carried  
Staph, aureus. 10 of the mothers and a l l  the babies. The 
d is tr ib u tio n  o f haemolytic strep tococci was in tere st in g .
The organism was iso la te d  from none o f the s t a f f  or mothers, 
except fo r  the mother o f the dead baby whose nose y ie ld ed  a 
heavy growth o f G r if f ith  type 12 (th e  type grown f r am the 
post-mortem c u ltu re ). This type was a lso  iso la ted  from the 
um bilica l swab of every baby. I t  i s  not c lear  how th is  s tra in  
was introduced in to  the nursery, though p o ssib ly  the mother who
carried  i t  was resp on sib le . I t  appears to have spread round
the in v e s t ig a tio n s  were pu b lish ed  as a sep ara te  paper
in  B r i t .  med.J. (1957) i ,  925.
th e nursery w ithout the means o f an adult nasal ca rr ier  by 
c r o s s - in fe c t  ion  from one baby's cord to  another.
At about th is  tim e, a paper was published by Lowbury 
(1955) on c r o s s - in fe c t io n  of wounds w ith a n t ib io t ic -r e s is ta n t  
organisms. The problem was approached in  three ways:
a) e lim in a tio n  o f reserv o irs  of in fec tio n
b) b locking routes o f tran sfer  and
c) increasin g  the res is ta n ce  o f the p a tien t.
Lowbury says that "elim ination  o f the primary reservo irs o f  
in fe c t io n  and o f the ta rg e ts  for  in fec tio n  are obviously o f
the f i r s t  importance." In the Birmingham Burns Unit where he
was working ^ the burns them selves acted both as reservo irs and 
ta r g e ts . In the same way, in  a su rg ica l ward,discharging  
wounds and large  in fec ted  areas are the dangerous p laces where 
organisms are present in  large numbers, a source o f in fec tio n  
fo r  the whole yard . At f i r s t  sigh t there appear to  be no 
reserv o irs  o f th at kind in  a nursery fo r  healthy bab ies. But
the um bilica l stump has been compared to  an open wound -  by
Coventry and I s b is te r  in  1951. They w rite "here an open 
wound, c cmmunicat ing w ith  the l iv e r  and large blood v e ss e ls  
has been exposed to  a v iru len t in fec tio n  and lo c a l resistan ce  
could not be expected to  be as high as in  the naso-pharynx."
They took nose and ©ord swabs from every baby in  the nurseiy  
and the r e s u lt s ,  graded according to  age, were as fo llow s:
TABLE 6.
Age ( days) Mo, o f swabs Nose Cord
0 - 2  
3 - 4  
4  — 6 
7 -1 4
31
30
36
58
17
18 
32
8 6
27
21
33
In another paper in  the same year, I sb is te r  a lso  found a higher 
rate  o f in fe c t io n  o f the cord than o f the nose -  49*7^ ° f  54 
babies as compared w ith  42*S$>* She. thought that cross­
in fe c t io n  from baby to  baby on nurses* hands was the most 
l ik e ly  method o f spread. In 1953 she published a paper about 
the um bilicus o f  the in fa n t, from which the fo llow ing i s  
^ r e le v a n t:  "The healin g  umbilicus i s  a p o ten tia l s i t e  o f
entry fo r  in fec tin g  organisms th a t must never be overlooked. 
With in s t i t u t io n a l  midwifery and the greater r isk  of cross­
in fe c t io n , p a r tic u la r ly  by staphylococci, supervision o f the 
um bilicus becomes even more im p o rta n t.... the sev er ity  of the 
lo c a l  rea ctio n  i s  no in d ica tio n  o f the sev er ity  o f the l e s io n . . 
in  a m aternity h o sp ita l w ith a high standard o f nurseiy care 
and a se p s is , over o f in fa n ts  were carrying Staph, aureus 
by the time the cord sep arated .. .The orthodox procedure ( o f  
r e lig a t io n  and dressing the cord) means undesirable handling
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of the open wound." Forfar, B a lf , E lia s-Jon es and Edmunds 
in  1953 swabbed 120 babies at the time o f separation of the 
cord (about the e igh th  day) and found an in fec tio n -r a te  of 
6 ($ . Two years la te r  (Edmunds, E lia s-J o n es, Forfar and 
B a lf , 1955) they recorded a lower rate -  o f 604 in fan ts of 
the same age. My own fin d in gs for  the incidence o f  
Staph, aureus on the cord w ere:- 88fo of 84 four-day-old  
babies a t S t ,  D avid's H ospita l and 8%  of 59 at C ardiff 
M aternity H o sp ita l. I  a lso  compared the times at which nose 
and cord became in fec ted , to  see which occurred f i r s t ;  the 
r e s u lt s  are shown in  Table 7.
Table 7 .
The Humber o f Times th at the F ir s t  P o s itiv e  Swab was 
Obtained from Nose or Cord.
H osp ita l Nasal swab Cord swab Both swabs ‘ T otal No.
p os, f i r s t  pos. f i r s t  p o s it iv e  of swabs
S t . David*s 7 34 19 60
C ardiff
M aternity 6 37 24 &7
I t  may be seen th at the cord was almost always in fected  before  
or a t the same time as the nose, w hile i t  was rare for the 
nose alone to  be p o s it iv e .
I t  was a lso  thought to  he o f some importance to make 
a rough comparison o f the amount of growth obtained from 
n a sa l and cord swabs taken in  the f i r s t  four days o f  l i f e .  
Cord swabs proved to  g ive a heavy growth o f Staph, aureus 
more o ften  than nasal ones, and the organism was frequently  
in  pure cu ltu re . The r e su lts  are shown in  Table 8.
TABLE 8.
A rough comparison of the Amount o f G-rowth obtained from 
Nasal and Cord Swabs taken on the F ir s t  Four Days o f L ife .
Age No 
( in  days)
. o f babies  
swabbed
Growth from Nose 
Heavy. Mod. Light
Growth from Cord 
Heavy. Mod. Light
0 12 0 1 11 1 2 9
1 22 6 1 15 13 6 3
2 17 3 - 14 13 4
3 -4 5 1 - 4 5 -
I t  was a lso  found that 8 out of 22 babies w ith a p o s it iv e
swab on the f i r s t  day o f l i f e  had become negative on the second. 
Only 5 out o f  37 cord swabs showed a sim ilar lo s s  of the organism, 
and two o f  th ese  were overgrown w ith  Proteus spp. . This suggests  
th at the is o la t io n  o f  Staph, aureus from a nasal swab may not 
n e c essa r ily  represent the m u ltip lica tio n  o f organisms there but 
merely th a t they have been f i l t e r e d  o f f  from the a ir .
These fin d in gs show th at the um bilical stump does resemble
an open wound in  being both a s i t e  where any organism in  
the environment may m u ltip ly  f r e e ly  and a source o f contam­
in a tio n  o f  the a ir  and the attendants* hands. I t  i s  l ik e ly  
to  provide a b e tte r  medium fo r  m u ltip lica tio n  than most 
wounds, however, fo r  i t  i s  cut o ff  from i t s  blood supply 
ancl c o n s is ts  o f gangrenous t is s u e . Unlike the wounds and 
burns described by Lowbury, which are dressed in  a sp e c ia l  
room supplied  by f i l t e r e d  a ir  under p o s it iv e  pressure and are 
covered by p ro tec tiv e  dressings and lo c a l ap p lica tion s, the 
cord stump i s  u su a lly  l e f t  uncovered and i s  handled many 
tim es every day. The treatment which the cord o f a new-born 
baby received  in  C ard iff M aternity H ospital was as fo llow s:  
Immediately a f te r  d e liv ery  the cord o f a new-born baby was 
clamped by the accoucheur, lig a te d  and cut. The baby was 
put in  a cot and any treatment or cleaning-up considered  
necessary was carried  out w ith ungloved hands. The cord was 
inspected  freq u ently  to  make sure that i t  was not bleeding; 
i t  was sometimes handled or squeezed during th is  inspection . 
About s ix  hours a fter  b ir th  i t  was r e - lig a te d  and cut short 
to  about an inch; su rg ica l s p ir i t  was then applied and the 
cut end sea led  w ith  co llo d io n . I f  the cord was th ick  w ith  
an abnormal amount o f Wharton*s j e l ly ,  th is  was squeezed out
before the second lig a tu r e  was applied. Each morning the 
s p ir i t  treatm ent was repeated. I t  was d i f f ic u l t  for  the
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napkin to  be changed w ithout the cord touching the nurse*s 
hands, and s in ce  soap and water was the only method used fo r  
d is in fe c t in g  these i t  i s  easy to  see how organisms could he 
spread from aord to  cord by the nurses.
As the uncovered cord i s  in  d irect contact w ith the cot 
blan k ets and the baby*s gown i t  must a lso  be a source fo r  the 
contam ination of the a ir .  Every time the baby i s  picked up, 
many organisms must be sca ttered  from i t s  c lo th e s .
In order to  f in d  out i f  the cord i s  as important a. reservo ir
of in fe c t io n  in  a nursery as th ese  fin d in gs suggest, an in v e s t i­
g a tio n  was planned on the same lin e s  as the previous ones%to  
determine the e f f e c t  of reducing the growth of Staph, aureus 
on the cord. T rip le  Dye was used for  t h is  purpose because the 
dyes i t  conta ins k i l l  stap h ylococci, i t  i s  harmless to  the t is s u e s  
in  e f f e c t iv e  concentration and staphylococci do not become 
r e s is ta n t  to  i t .  I t  i s  a lso  u sefu l in  a t r i a l  o f  th is  sort  
because i t  i s  easy to  see i f  i t  has been applied or not. I t  
appears to  be quickly f ix ed  to  the t is s u e s ,  fo r  i t  does not 
s ta in  the a lo th es  or become smeared over the baby*s skin  as much 
as one might exp ect.
at B r i l l i a n t  g reen  10 g r . P ro flav in e  hem isulphate 5
C ry s ta l v io le t  10 g r . Water 10 f lu id  ozr».
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M ethods.
S w a b s  were tak en  from each baby when i t  was fo u r days 
o ld , a t  the  same tim e each  day. One swab was tak en  from 
b o th  n o s t r i l s  and one m oistened  in  b ro th , from a  small a re a  
o f sk in  (a b o u t 2 in .  in  d iam eter) a t  the  lower end of th e  
sternum . S e t t l in g  p la t e s  were p u t down as b e fo re . These 
p ro ced u res  were c a r r ie d  out f i r s t  on f lo o r  A, w ith  f lo o r  B 
a c tin g  as a  c o n tro l ,  and then  a f t e r  an in te r v a l  of a  
f o r tn ig h t ,  th e  dye was used on f lo o r  B and no t on f lo o r  A.
The r e s u l t s  o f th e se  in v e s t ig a tio n s  a re  shown in  T ab les ^ * |0 ,  
and a re  i l l u s t r a t e d  in  f ig u r e s  6*and 1>.
TABLE 9a.andb.
f^XTo Show th e  E f f e c t  on In fe c t io n  R ates in  Babies of th e  
Treatm ent o f U m bilica l Cords w ith  T r ip le  Dye._________
Swabs. Treatm ent No. o f N o.of Swabs D ifferen ce Standard
o f Cord B abies P o s it iv e E rro r
N asal Dye ( f lo o r  A) 91 46 -  50-9^ 24*^2 6.95
No dye " B 91 68 -  74*7%
Skin Dye ( f lo o r  A) 91 32 -  35*2^ 25*32 7*61
No dye " B 91 55 -  60•!&
Cfr)The Average Number o f  S tap h , aureus co lon ies is o la te d  on th re e
settling pJLaies.
Treatm ent o f Cord. No. o f days. Average Count :D ifferen ce:S tan d ard
E rro r .
Dye ( f l o o r  A) 62 4*77 4*93 1*14
No Dye ” B 68 9° 70
TABLE jQa and b .
(±)To Show th e  E f fe c t  on In fe c t io n  R ates in  B abies of the  
T reatm ent o f U m bilica l Cords w ith  T r ip le  Dye.
Swabs Treatm ent No. of No. o f swabs D iffe ren ce S tandard
of Cord B abies P o s it iv e E r ro r .
N asal Dye ( f l o o r  B) 34 19 -  35-35 36»g2 9*16
No Dye " A 49 35 -  71
S kin Dye ( f l o o r  B) 34 17 -  31*9?? 39*9?? 9-03
No Dye M A 49 35 -  71
(b") The Average Number o f  Staph* aureus co lo n ie s is o la te d  on th re e
Settling ±JJLates.
T reatm ent o f  Cord No. o f  Days Average Count D iffe ren ce  S tandard
E rro r
Dye ( f l o o r  B) 34 3*4i 1*82 0*81
No Dye " A 3b- 5*23
When th e  co rds o f a l l  b ab ies  on f lo o r  A were t r e a te d  w ith  the 
dye, b o th  th e  n a sa l and th e  sk in  in fe c t io n  r a te s  were reduced by 
a  s ig n i f ic a n t  amount when compared w ith  those  on th e  c o n tro l f lo o r .  
T h is  d if f e re n c e  m ight have been due to  v a r ia t io n s  in  nursing  
techn ique  o r to  th e  p resence  o f heavy n a sa l c a r r ie r s  on one f lo o r  
and n o t on th e  o th e r . However, th i s  seems u n lik e ly  because 
when th e  dye was in tro d u ced  on f lo o r  B and d iscon tinued  on f lo o r  A 
a f t e r  only  a  fo r tn ig h t* s  in te r v a l ,  b o th  in fe c t io n  r a te s  f e l l  on 
f lo o r  B and ro se  s ig n i f ic a n t ly  h ig h e r on f lo o r  A. The number of 
c o lo n ie s  on s e t t l i n g  p la te s  showed a s im ila r  d is t r ib u t io n .  Thus 
i t  appears th a t  tre a tm en t of a l l  b a b ie s 1 cords on one f lo o r  was
a s s o c ia te d  w ith  a low er in fe c tio n  r a te  o f nose and sk in  
and w ith  reduced  con tam ination  of the a i r .
Over t h i s  p e rio d  a second type of in v e s t ig a tio n  was 
c a r r ie d  out on f lo o r  C. The cord o f every  second hahy born 
in  t h i s  u n i t  was p a in te d  w ith  the  ctye, b u t t r e a te d  and un­
t r e a te d  in fa n ts  were kep t in  the  same n u rse ry  and handled 
by th e  same s t a f f ,  so th a t  a p a r t from the dye on the  cord  a l l  
c o n d itio n s  were the  same fo r  bo th  groups. Swabs were taken  
from each t r e a te d  baby when i t  was fo u r days o ld  and from an 
u n - tr e a te d  one o f the  same age, which ac ted  as a c o n tro l .
The tech n iq u es  used were th e  same as b e fo re , b u t s e t t l in g  
p la te s  were no t p u t down. T his f lo o r  a lso  con tained  th e  
prem ature  u n i t ,  so  s p e c ia l  p re c au tio n s  were used here  which 
were no t employed on th e  o th er f lo o r s ,  such as the  w earing of 
masks and th e  a p p lic a t io n  of ch lo rhex id ine  cream a f t e r  washing 
hands. P rem ature b ab ie s  were not included in  th e  in v e s t ig a ­
t io n .  The r e s u l t s  a re  shown in  Table 11.
TABLE 11.
The E f fe c t  on In fe c tio n  R ates in  Babies o f the Treatm ent 
o f  th e  Cord s  o f A lte rn a te  In fa n ts  Only.
^ ^ —f.—r-g—r-- —- t - . t j ' v  —iTTTT—•• Tpf— i —r-r .^i'y  , x— —J B**n* .*2 ' Iftlll W w n  in "■ ■
Swabs. Treatm ent 
o f Cord
No. o f  B abies. No. of 
Swabs Pos:
D ifference S tandard
E r ro r .
N asal Dye 50 20(40*($) - -
No c|ye 49 1 9 (3 8 * ^ ) -
Skin Dye
No dye
50
49
10(20»Cpo)
26(53«1$)
33*1^ 9-1
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T h is  in v e s t ig a t io n  was c a r r ie d  out in  o rd er to  e lim in a te  
th e  e f f e c t  on th e  in fe c t io n  ra te  o f nu rs in g  tech n iq u es  and 
n a s a l  c a r r i e r s .  The r e s u l t s ,  however, show an unexpected 
p a t t e r n .  W hile th e  sk in  swabs o f t r e a te d  b ab ies  gave a 
s ig n i f i c a n t ly  lower in fe c t io n  ra te  than  those  of th e  c o n tro l 
g roup , th e  n a s a l  in fe c t io n  r a te s  were th e  same. The b ab ies  
on t h i s  f lo o r  a l l  b rea th ed  th e  same a i r ,  so t h i s  f in d in g  
su g g es ts  t h a t ,  though organism s may spread from th e  cord on to  
th e  sk in , n a s a l  in fe c t io n  comes m ainly from th e  a i r .  The n a sa l  
in fe c t io n  r a t e  in  b o th  groups was lower th an  u su a l; i t  i s  
p o s s ib le  t h a t  th e  trea tm en t of the  cords of h a l f  th e  b ab ies  in  
t h i s  u n i t  had decreased  the  le v e l  o f a frborne  contam ination 
which was r e f le c te d  in  th e  number o f organisms inh a led  by th e  
b a b ie s . The a d d i t io n a l  p re c a u tio n s  mentioned b e fo re  may 
a ls o  have c o n tr ib u te d  to  t h i s  red u c tio n .
D iscu ssio n .
 — ---
The r e s u l t s  o f th e se  in v e s t ig a tio n s  suggest th a t  the 
u m b ilic a l stump i s  an im portan t re s e rv o ir  from which staphy­
lo c o c c i may be spread  round a n u rse ry  fo r  new-born b a b ie s .
A f te r  t h i s  work was com pleted, s ev e ra l papers were p u b lished  
which confirm  t h i s  view . In  September 1957* papers 
appeared on th e  spread  of b e ta  haem olytic s tre p to c o c c i from 
t h i s  s i t e .  Kwantes and James described  two outbreaks o f 
s tre p to c o c c a l in fe c t io n  in  which a la rg e  number o f in fa n ts
were found to  "be c a rry in g  haem olytic  s tre p to c o c c i on the  
u m bilicus w ith o u t showing s ig n s  of c l i n i c a l  i l l n e s s .  B o issard  
and E ton  showed how an ou tb reak  o f p u e rp e ra l p y re x ia  in  m others 
had i t s  o r ig in  in  th e  in fe c te d  um bilicus o f in fa n ts  which ac ted  
as a  r e s e r v o i r  f o r  th e  organism so th a t  the  epidem ic continued 
when th e re  were no c a r r i e r s  among th e  s t a f f .  L ike th e  in c id e n t 
which I  have a lre a d y  d esc rib ed , th ese  epidem ics show the  
im portance o f  swabbing the  um bilicus when in fe c t io n  occurs in  a 
m a te rn ity  h o s p i ta l .  H utchison and Bowman (1957) in  & study of 
s tap h y lo co c ca l epidem iology in  a m a te rn ity  h o s p i ta l ,  took  878 
ro u t in e  n a s a l  and co rd  swabs from 439 b ab ies , and found th a t  on 
th e  t h i r d  day, 77*2^ were in fe c te d  a t  each s i t e .  They concluded
th a t  th e  in f a n ts ,  which ac ted  as a c u ltu re  medium fo r  the  growth
o f S taph , au reu s , were th e  main source o f in fe c t io n  fo r  each 
o th e r and f o r  con tam ination  o f h o s p ita l  d u s t. Of the  many 
s i t e s  on a  baby which a re  known to  y ie ld  a growth o f staphy­
lo c o c c i, none a re  so easy to  t r e a t  as the  u m b ilica l cord, fo r
th e re  lo c a l  a p p lic a t io n s  a re  e f fe o tiv e  in  suppressing  growth 
whereas n o se , eyes o r faeces  could  no t be d is in fe c te d  except by 
th e  use o f a n t ib io t i c s ,  and th i s  i s  u ndesirab le  as a ro u tin e .
In 1958, Cook, P arish  and Shooter at S t. Bartholomew's H ospital 
made a study ° f  various techniques which might prevent cross­
in fe c t io n  in  a M aternity u n it, in  an attempt to fin d  out how 
th is  occurred. They compared the e f fe c t  on in fa n ts1 nasal 
carriage rate  o f the use o f Chlorhexidine hand cream by nurses,
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of in d iv id u a l  gowns fo r  the  care  o f each baby, and of the 
a p p l ic a t io n  o f  T r ip le  Dye to  th e  in f a n t s ’ cords. In  th e  
hand cream t r i a l ,  9 °lfo o f 31 b ab ies  were n eg a tiv e  fo r  
S tap h , au reus on th e  12 th  day; w ith  in d iv id u a l gowns, 2l$> 
o f 29; and w ith  T r ip le  Dye, 31% of 55*
The c h ie f  c r i t i c i s m  of th e  use of T r ip le  Dye on cords 
i s  th a t  s e p a ra tio n  o f th e  cord i s  delayed, o fte n  u n t i l  a f t e r  
th e  10 th  day, when most m others and b ab ies leave h o s p i ta l .
T h is  does occur and would do so i f  any b a c te r ic id a l  substance 
were a p p lie d  to  th e  co rd . There i s  s a id  to  be a danger o f 
in f e c t io n  o f haemorrhage from  th e  um bilicus i f  th e  cord rem ains 
a tta c h e d , so th e  baby should rem ain under nu rs in g  c a re . T his 
causes a d m in is tra tiv e  d i f f i c u l t i e s ;  e i th e r  th e  baby has to  s ta y  
in  h o s p i ta l  o r a nurse  has to  v i s i t  the  baby a t  home u n t i l  
s e p a ra tio n  has tak en  p la c e . T h is  may be inconvenient fo r  the  
a u th o r i t i e s  b u t i s  n o t a l to g e th e r  a bad th in g  fo r  the  m o th e r,. 
In  America i t  i s  u su a l fo r  m other and baby to  leave h o s p ita l  
e a r l i e r  th a n  in  t h i s  coun try , o f te n  a t  about th e  fo u r th  day 
a f t e r  d& livery . I  have no t heard  th a t  th e re  i s  a h igher r a te  
o f co m p lica tio n s  connected w ith  the  um bilicus as a  r e s u l t  o f 
th i s  p r a c t ic e .  O ther o b je c tio n s  to  th e  use o f the dye have 
been to  th e  co lou r i t s e l f ,  which i s  r a th e r  s t a r t l i n g  fo r  the  
m other and i s  d i f f i c u l t  to  remove. Any substance which would
l im i t  th e  grow th o f s tap h y lo co cc i could  be s u b s t i tu te d , 
C h lo rhex id ine  in  s p i r i t ,  f o r  example, or one of the  a n t i ­
b i o t i c s  such  as Neomycin o r G ram icidin which a re  s u i ta b le  
f o r  lo c a l  a p p l ic a t io n .  S u rg ic a l s p i r i t  alone does no t 
M i l  s ta p h y lo c o c c i; I  took  mary swabs from th e  cord a f t e r  
s p i r i t  had been  ap p lied  and found no decrease in  the  u su al 
heavy c u l tu re  o b ta in ed .
These c r i t ic is m s  do n o t outw eight th e  value of any 
p rocedu re  w hich h e lp s  o f l im i t  c ro s s - in fe c t io n  among new­
bo rn  b a b ie s ,  f o r  i t  i s  a  very  r e a l  th r e a t  to  l i f e  and 
h e a l th  in  m a te rn ity  h o s p i ta ls  nowadays.
D iscu ssio n .
The r e s u l t s  o f th e se  in v e s t ig a tio n s  may he considered  
under fo u r  h ead in g s . They a re  d i f f e r e n t  from those p u t 
forw ard in  th e  in tro d u c tio n  to  t h i s  s e c tio n , because as the 
work proceded , new id eas  o f the  su b jec t developed and new 
problem s a ro se .
(1 )  The r e l a t i v e  Im portance o f S ta ff - to -b a b y  and Baby-to-baby
S pread .
I t  i s  im possib le  to  be dogmatic about -which i s  th e  more 
im portan t o f th e se  two methods o f sp read . I t  i s ,  as i t  were, 
a m a tte r  o f seed and s o i l ;  the nurses supply the seed, the 
b a b ie s  th e  s o i l .  In  the  C a rd iff  M ate rn ity  H o sp ita l, when th e  
s t a f f  were a c t iv e  in  p rep a rin g  the u n it  befo re  i t  was opened, 
s tap h y lo co cc i were n o t is o la te d  a t  a l l  from 6 s e t t l in g  p la te s  
p u t down in  the  unoccupied n u rse ry  th re e  days befo re  i t  was 
opened. As soon as b a b ie s  were adm itted , staphy lococci 
appeared, on an average o f 5 colones per p la te ,  and th i s  f ig u re  
soon ro se  to  h ig h  le v e l s .  On f lo o r  C, where nurses worked 
fo r  s ix  weeks b e fo re  d e l iv e r ie s  began to  be c a r r ie d  out th e re , 
u s in g  i t  f o r  sewing and g en era l p re p a ra tio n s , samples o f dust 
from th e  vacuum c le a n e r  were examined fo r  s taphy lococci on 34 
o ccasions. C olon ies o f S taph , aureus were is o la te d  seven 
tim es; th ey  were o f th e  same phage types as those c a r r ie d  by 
th e  s t a f f  who worked th e re . Again, as soon as bab ies were
p re s e n t ,  s tap h y lo co c c i were is o la te d  every  day. This shows 
th a t  b a b ie s  must be p re s e n t b e fo re  n a sa l c a r r ie r s  can spread 
t h e i r  organism s in  v e ry  la rg e  numbers; converse ly , th e re  would 
be no c r o s s - in f e c t io n  in  a n u rse ry  i f  a l l  c a r r ie r s  of S taph . 
au reus could  be excluded. Some w orkers d esc rib e  the  e f f e c t  
o f removing n a s a l  c a r r i e r s  of c e r ta in  s t r a in s  from th e  n u rse ry  
and found th a t  th ese  s t r a in s  were no longer found among the  
b a b ie s . F o r example, Baldwin, R heins, S y lv e s te r  and S h a ffe r  
( 1957) removed 11 c a r r i e r s  of e ry th ro m y c in -re s is tan t s t r a in s  
from th e  n u rse ry  (10  c a r r ie d  the  same s t r a in ,  type Va 2 /9 4 ). 
Subsequently  only  two in fa n ts  were co lonized  by th i s  s t r a in  
and none o f th e  n u rs in g  s t a f f  became t r a n s ie n t  c a r r ie r s .  I  
found, as s e v e ra l  w orkers have done since  (C larke , McGeogh 
and S ip p e , 1956, and G il le s p ie  and A lder, 1957), th a t  i t  was 
p o s s ib le  to  te rm in a te  an ou tb reak  due to  a p a r t i c u la r  phage 
type by t r e a t in g  or removing from duty  th e  people who c a r r ie d  
i t .  R oun tree , H e s e lt in e , Rheuben and Shearman (1956) s ta te  
th a t ,  where a v i r u le n t  s t r a in  was concerned, i t  was e s s e n t ia l  
f o r  i t  to  be e lim in a te d  from th e  s t a f f  b e fo re  in fe c tio n  could 
be c o n tro l le d .
The im portance o f baby-to -baby  spread i s ,  o f course, due 
to  th e  f a c t  th a t  the  R abies them selves ad t as the  c h ie f  re s e rv o ir  
of in fe c t io n  in  th e  n u rse ry . I t  has been shown how staphy­
lo c o c c i f lo u r i s h  on t h e i r  sk in  and mucous membrane, in  t h e i r
fa e c e s  and u m b ilic a l stump. G ro s s - in fe c tio n  in  a  n u rse ry  i s
d i f f e r e n t  from  th a t  in  o th e r wards because a) so many re s e rv o ir s  
a re  p re s e n t  and b) i t  i s  so d i f f i c u l t  to  p rev en t spread from 
them. Wounds can be d ressed  in  a s p e c ia l ly  v e n t i la te d  room; 
p a t ie n t s  coughing up or e x c re tin g  la rg e  numbers of staphy­
lo c o c c i can be i s o la te d ;  b u t b ab ies  w ith  s tap h y lo co cci on th e i r  
sk in s , co rds and napp ies s t i l l  have to  be b a th ed $dressed  and 
t h e i r  n ap p ies  changed in  th e  same roan as a dozen or more o th e rs .
A p o in t which was n o t recogn ised , or a t  l e a s t  was no t made c le a r  
u n t i l  r e c e n t ly ,  i s  th e  d if fe re n c e  between R ese rv o irs*  where 
organism s grow in  la rg e  numbers and the  p lace s  where they  f a l l  
and may rem ain v ia b le  b u t do not m u ltip ly . F a ilu re  to  ap p rec ia te  
t h i s  d if f e re n c e  h a s , in  my opin ion , led  to  an undue amount of 
s t r e s s  b e in g  l a id  on the  is o la t io h  o f s taphy lococci from d u st, 
a ir la n d  fom ites  such as b la n k e ts , c u r ta in s  and o ther m a te r ia ls . 
These a re  re sp o n s ib le  fo r  a c e r ta in  amount of in fe c tio n , no 
doubt, and th e i r  p resence  cannot be ignored because i t  i s  an 
in d ic a t io n  th a t  th e re  i s  an abundant re s e rv o ir  in  the ward.
But t h e i r  im portance as a source o f new in fe c tio n  i s  r e la t iv e ly  
sm all compared w ith  th a t  o f a re s e rv o ir  s i t e  on which many 
m ill io n s  o f s tap h y lo co cc i a re  p r o l i f e r a t in g .  The most im portant 
p o in t  i s  to  r e a l i s e  how dangerous th ese  re s e rv o irs  are as a 
source o f organism s, which may be tra n sm itte d  bo th  by the a i r  
and by c o n ta c t.
(2 )  The R e la t iv e  Importance o f Airborne and Contact Spread.
T his  used to  be th e  su b jec t o f much d iscu ss io n , b u t I  th in k  
th a t  ag a in  i t  i s  im possib le  to  say th a t  one ro u te  i s  a l l -  
im portan t and th e  o th e r n e g lig ib le .  I t  has been found, however, 
in  s e v e ra l  s tu d ie s ,  th a t  h o s p i ta l  c ro s s - in fe c t io n  does n o t cease 
when m easures a re  tak en  a g a in s t a irb o rn e  spread alone, such as 
th e  o i l in g  o f f lo o r s  and b la n k e ts , the  use of u l t r a - v i o l e t - l i g h t  
and, as in  th e  p re se n t in v e s t ig a tio n , of a vacuum c lea n e r.
(3 )  Methods o f P rev en tin g  C ro ss -In fe c tio n .
These may be considered  under th re e  headings:
(a )  P rev e n tio n  o f th e  in tro d u c tio n  of v iru le n t  s taphy lococci:
How to  t e l l  th e se  w i l l  be d iscussed  in  the  sec tio n  on v iru len c e . 
I t  i s  im possib le  to  remove a l l  c a r r ie r s  o f S taph , aureus from 
t h e i r  work, b u t th o se  who c a r ry  s t r a in s  which are r e s i s ta n t  to  
more th an  one a n t ib io t i c ,  o r are  known to  be causing sep s is  
which i s  u n u su a lly  severe , should be t r e a te d  w ith  a  n a sa l 
ointm ent c o n ta in in g  a s u i ta b le  a n t ib io t ic .  The substances 
used should  be those  which are a c tiv e  lo c a l ly  but are not used 
p a r e n te r a l ly .  In  t h i s  way, even i f  re s is ta n c e  i s  acquired  
i t  w i l l  no t in te r f e r e  w ith  tre a tm en t. Rountree e t  a l  (1956) 
used one co n ta in in g  neonycin and b a c i t r a c in ,  w hile G ille sp ie  
and A lder (1957) and D uthie (1957) used as I  d id , neonycin and 
g ram ic id in . L a te r  G il le s p ie  changed to  neonycin and b a c i t r a c in
which he found to  he more e f f e c t iv e  (1957). Everyone who 
has re p o r te d  on t h i s  method of p rev en tin g  th e  e n try  o f v iru le n t  
organism s has found i t  v a lu ab le , a lthough  a sm all p ro p o rtio n  
o f c a r r i e r s  a re  s a id  to  he r e s i s t a n t  to  th i s  form of tre a tm e n t.
(h )  E lim in a tio n  o f r e s e rv o ir s :  th e  trea tm en t of u m b ilica l cords 
w ith  an a n t i s e p t ic  ccmes under th i s  heading, b u t o th e r methods 
a re  e q u a lly  im p o rtan t. In  th e  U nited S ta te s ,  in fa n ts  a re  bathed  
w ith  Hexachlorophene s o lu tio n s  and th i s  has been considered  to  
be u s e fu l, (S h a f fe r ,  Baldwin, Eheins and S y lv e s te r , 1956). The 
i s o la t io n  o f b a b ie s  in fe c te d  w ith  the  epidemic s t r a in  i s  
obv iously  s e n s ib le  i f  no t too  many are  involved. I t  i s  o f 
g re a t im portance th a t  any member o f s t a f f  who has sep s is  must 
n o t go on du ty  u n t i l  S tap h , aureus can no longer be is o la te d  
from th e  le s io n s .
(c )  B locking  of ro u te s  of spread: In  my opinion, the most
im portan t s in g le  method o f sp read ing  staphy lococci in  a nu rse ry  
i s  by th e  hands. T h is  problem  has been d iscussed  a lread y .
Many o f th e  pap ers  p u b lish ed  re c e n tly  on c ro s s - in fe c tio n  in  
n u rs e r ie s  m ention th a t  th e  s t a f f  used e i th e r  Chlorhexidene 
or H exachlorophene on th e i r  hands -  S h a ffe r , Baldwin, Kheims 
and S y lv e s te r  (1956), Munro and Markham (1958), Cook, P a r r ish  
and S hooter (1958)* The l a s t  paper a lso  draws a t te n tio n  to  the 
value o f u s in g  in d iv id u a l gowns fo r  th e  care o f each baby.
100L
S e v e ra l w orkers have mentioned th e  i s o la t io n  of staphy lococci 
from nurses*  gowns, and I  am sure th a t  th i s  techn ique should 
■become g e n e ra l ly  adopted . As Hare s ta te d  in  1957: "No baby
should  e v e r be handled by the  bare  hands of the nurse o r touch 
any p a r t  o f h e r  c lo th in g .”
(if) The P a t te r n  o f Spread by S taphy lococci.
Ttoo k in d s  o f s tap h y lo co cca l epidemic a re  d escribed  in  t h i s  
s e c tio n :
a) An e x te n s iv e  one l a s t in g  fo r  se v e ra l months and invo lv ing  
nunerous b ab ies  and a number o f members of s t a f f ;  (W illiams* 
type  I I ) .
b) A s e r ie s  o f  sh o rt in c id e n ts  a sso c ia te d  w ith  the presence 
o f  an in d iv id u a l  c a r r i e r ,  (W illiam s* type I ) .
A s im ila r  p a t te r n  has r e c e n tly  been described  by sev e ra l w orkers. 
S hoo ter e t  a l  (1958) in  a study in  a su rg ic a l u n it ,  c a lle d  th e  
f i r s t  type  s tap h y lo co cca l "b ro ad cas ts” . H utchison and Bowman
(1957) d e sc rib ed  them as fo llo w s: "waves of one or more major
s t r a in s  waxing and waning over a p e rio d  of weeks or months w ith  
u n d e rcu rren ts  o f m inor types occurring  sp o ra d ic a lly  or a t  low 
le v e l s ,  th e  whole system  in  a s ta t e  of f lu x  and l ia b le  to  sudden 
v a r ia t io n  w ith o u t w arn in g .” Baldwin e t  a l .  (1957) show how the  
epidem iology o f s tap h y lo co cc i in  th e  h o s p ita l  where they  were 
working could  be used to  i l l u s t r a t e  W illiams* c la s s i f ic a t io n  o f 
s tap h y lo co cca l ep idem ics. They considered  th a t  when 
Hexachlorophene b a th s  were used, th e  w idespread d issem ination
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of s tap h y lo co cc i round th e  u n it  by baby-to -baby  spread was 
p rev en ted . W illiam s1 f i r s t  type o f epidem ic remained -  th e  
d i r e c t  in f e c t io n  o f b ab ies  by a  n a sa l c a r r i e r .  They uncovered 
n u rse -to -b a b y  sp read  by th i s  means, as I  was ab le  to  dem onstrate 
i t  i n  th e  p re s e n t  in v e s t ig a t io n  by fo llow ing  the  spread of 
n o n -h o sp ita l s t r a in s  from new members cf s t a f f .
In  t h i s  way th e  two types o f outbreak appear to  correspond 
roughly  w ith  th e  two ty p es  o f sp read , n u rse -to -baby  and 
baby -to -baby . The form er occurs when th e re  i s  a c a r r ie r  who 
i s  an e f f i c i e n t  d i s t r ib u to r  o f s tap h y lo co cci, b u t poor 
o p p o rtu n itie s  fo r  baby-to -baby  sp re ad ,o r a  s t r a in  which i s  not 
w e l l -q u a l i f ie d  as an epidem ic one. The l a t t e r  i s  an example 
of baby -to -baby  spread  which may occur in  th e  absence o f a 
n a sa l c a r r i e r  and means e i th e r  good o p p o rtu n itie s  fo r  tran sm issio n  
o r a h ig h ly  ccsoomunicable s t r a in ,  or b o th .
STUDIES OF THE VIRULENCE OF STRAINS WITHIN THE STECIES 
STAPHYLOCOCCUS AUREUS
In tro d u c tio n .
I t  i s  a  commonplace nowadays to  remark on the  unusual 
v iru le n c e  o f  some s t r a in s  of staphylococcus, n o tab ly  phage 
type 80. The f i r s t  p u b lish ed  account o f an ou tbreak  fo r  
which i t  was re sp o n s ib le  was g iven  in  1954 by I s b i s t e r ,
D u rie , R ountree and Freeman. T h is  was b e fo re  phage 80 had 
been i s o la te d ,  so th e  staphylococcus a t  t h i s  tim e was 
d e sc rib ed  as b e in g  ly sed  weakly by phage 52A. In fe c tio n s  
w ith  t h i s  s t r a i n  had been id e n t i f ie d  f i r s t  in  Ju ly  1953*
I t  be longs to  phage group I  and R ountree, in  h e r study o f 
th e  d i s t r ib u t io n  o f phage types in  A u s tra lia jp u b lish e d  in  
1953 d id  n o t f in d  a preponderance of in fe c tio n s  o f b ab ies or 
nu rses  w ith in  t h i s  group, so i t  i s  u n lik e ly  th a t  th i s  s t r a in  
was w idespread  th en . The phage 80twhich was found to  ly se  
t h i s  s t r a i n  s p e c if  ica lly ^  was is o la te d  in  November 1953. In  
1955, R ountree and Freeman showed how th is  new phage ly sed  
numerous o th e r s tap h y lo co cc i from outbreaks of neonata l 
s e p s is  which had been rece iv ed  from a l l  over A u s tra lia . They 
found a ls o  th a t  t h i s  s t r a in  was becoming more commonly is o la te d  
from a d u lt  p a t ie n t s  adm itted  to  h o s p i ta l  w ith  severe s ta p ty -  
lo c o c c a l le s io n s .  I t  was re sp o n sib le  in  a d d itio n  fo r  outbreaks 
o f fu ru n c u lo s is  among th e  h o s p ita l  s t a f f .  The types of 
le s io n s  were u n u su a lly  severe in  these^ w ith  much oedema and 
toxaem ia. D uring 1954* s t r a in s  from outbreaks of neonatal
s e p s is  were re c e iv e d  from 24 h o s p ita ls  throughout A u s tra l ia ,  
and 19 o f them proved to  he phage type 80. Again, the  sk in  
le s io n s  were d e sc rib ed  a s  be ing  more severe than  u su a l, and 
8 out o f 10 s t r a in s  from empyemata belonged to  t h i s  phage 
ty p e .
In  1956, Bynce, E ld e r and Gomtois gave an account o f th e  
s t r a in s  i s o la te d  in  a  g e n e ra l h o s p i ta l  in  Ottowa between 1953 
and 1]954* They found th a t  one ly sed  by phage 81 was respon­
s ib le  f o r  o f  b o i l s ,  carbuncles and abscesses; th i s  has now
been shown to  be the  same phage type as th e  A u s tra lia n  s t r a in .  
S ince th en , ou tb reaks due to  s im ila r  s t r a in s  have been rep o rted  
from A u s t r a l ia  -  McCartney and Y ates (1956), C larke, McGeosh & 
Sippe (1956); from th e  U nited S ta te s  -  S c h a ffe r , S y lv e s te r , 
Baldwin and R heins (1957), Wysham and Kirby (1957), Cooper and 
K e lle r  (1958) and B la i r  and C arr (1958): and from B r i ta in  -  
B u th ie  (1957), G il le s p ie  and A lder (1957) and Barber and D utton
(1958). S e v e ra l o f th e se  p ap e rs , those by B la ir  and C arr, 
S taffer e t  a l .  and Cooper and K e lle r , describe  th e  world-wide 
inc idence  o f th is : phage type and summarise th e  numerous ou t­
b reak s  i t  has caused. B la i r  and C arr compare the  phage types 
encountered  b e fo re  1954 w ith  those  received  fo r  typ ing  between 
1954 and 1957. The most s t r ik in g  d iffe re n c e  was the  prevalence 
o f .type 80 a s  a cause o f  severe in fe c tio n  in  a l l  p a r ts  of the 
U nited  S ta te s .  I t  was re p o rte d  as the  predominant s t r a in  in
most o f th e  h o s p i ta l  ou tb reaks which were in v e s t ig a te d .
In  one h o s p i ta l  i t  was f i r s t  is o la te d  in  1955; in  1956 i t  
made up 5*3^ o f th e  s tap h y lo co cc i i s o la te d ,  and in  1957,
13 *1% d u rin g  th e  f i r s t  s ix  months and 38»3& in  th e  second.
LWBSTIGAT ION IN ST. DAVID1S HOSPITAL 
At th e  tim e when my own in v e s t ig a tio n s  began in  th e  
autumn o f  1954, t h i s  phage type was unknown in  B r i ta in .
S t .  David* s H o sp ita l had experienced  an ou tbreak  o f severe 
in fe c t io n  in  th e  w in te r  o f 1953 -  54 and s t r a in s  from t h i s  
had been typed  a t  th e  S taphy lococcal R eference Labor a t  o iy  a t  
C o lin d a le  and re p o rte d  as be ing  weakly ly sed  by phages 52 and 
52A a t  a  thousand tim es th e  ro u tin e  t e s t  d i lu t io n  only.
When I  s t a r t e d  to  type  th e  s t r a in s  which I  was is o la t in g  in  
^954, i t  became apparen t th a t  t h i s  s t r a in  was p re sen t in  a 
much g r e a te r  p ro p o r tio n  o f b ab ies  w ith  se p s is  than  of normal 
ones, a lth o u g h  th e re  was no outbreak  a t  the tim e. I t  was 
no t th e  commonest s t r a in ;  th i s  was one o f phage type 6 /47 , 
which a lth o u g h  alm ost u b iq u ito u s , appeared to  do veiy  l i t t l e  
harm to  th e  b a b ie s  which c a r r ie d  i t .  In  the  course o f the 
ro u tin e  w eekly swabbing, which was described  in  an e a r l i e r  
s e c tio n , 193 c u l tu re s  o f S taph , aureus were is o la te d  in  
n u rs e r ie s  from  b ab ies  w ith in  a few days of b i r t h .  The 
subsequent h is to r y  o f th e se  bab ies was determ ined and a record  
kept o f w hether th ey  developed s e p s is  or no t during th e i r  s ta y
in  h o s p i ta l ;  61 o f them (31*6^) were found to  do so. The 
s t r a in s  from th e se  h a b ie s  were typed and th e  r e s u l t s  analysed  
in  two w ay s:-
a) The number o f s tap h y lo co cc i in  phage types ^2/52k and 6/47 
and o th e r  s t r a in s  were recorded  according to  whether th ey  came 
from c l i n i c a l l y  in fe c te d  or normal b ab ies , (Table 12)
b) The p e rcen tag e  in  each phage type which developed sep s is  
was worked o u t. From t h i s  i t  was p o ss ib le  to  e stim ate  the  
chance a baby would have o f developing s e p s is  according to  th e  
phage type  i t  c a r r ie d ,  (T able 13).
TABLB 12.
The D is t r ib u t io n  o f Phage Types among 193 bab ies  w ith  
and w ithou t S e p s is .
T o ta l  52/52A 6/47 o th er s t r a in s
B abies w ith o u t 132 13 (9*S$>) 76 (57*7$) 43 (32°l$)
s e p s is
B abies w ith  61 20 (3 2 -^ f)  31 (5 0 * ^ )  10 (16-2$)
s e p s is
” " " 60 28 ( 4 6 * ^ )  25 '(41-195) 7 ( H - # )
The th i r d  row o f f ig u re s  re p re se n ts  th e  typ ing  r e s u l ts  o f 60 
s t r a in s  s e n t by th e  H o sp ita l L abora to iy  fo r  phage ty p ing , and 
ob ta ined  s e p a ra te ly  from  b ab ies  w ith  le s io n s .
TABLE 13.
The Percentage o f S train s in  Each Phage Type grouped 
according to  the Subsequent H istory of In fec tio n  in  
the Babies Carrying them.
T o ta l No. la te r  developing le s io n s  Percentage
52/52A. 33
6/47  107
o th e r ty p es  53
20
31
10
61.6
24*0
28*0
S tr a in s  from any cases o f unusual s taphy lococcal d isease  
encoun tered  in  o th e r h o s p ita ls  in  th e  reg io n  were u su a lly  sen t 
to  be phage -typed. I f  th ese  a re  considered  along w ith  those 
from cases  a t  S t .  D a v id 's , th e  t o t a l  number of severe in fe c tio n s  
from, w hich ty p e  $ 2 /52A was is o la te d  between November 1953 and 
A p r i l  1955 w as:-  4  d ea th s  -  2 from empyema, 1 from p e r i t o n i t i s  
and one from an ab scess ; 1 empyema from which the  baby recovered; 
2 cases  o f pneumonia o f the  new-born {^2/^2A was assumed to  be 
th e  cause o f th e se , as i t  was is o la te d  from the nose and th ro a t 
sw abs); and 6 o f severe  abscesses and c e l l u l i t i s .  The fo llow ing 
accounts a re  g iven  o f in fe c t io n  among a d u lts  to  show th e  type of 
d ise a se  w hich was o c c u rr in g :-
( l )  A p a t i e n t  was adm itted  to  one of the  o u tly in g  h o s p ita ls  
because o f an in fe c te d  in ju ry  to  the  hand. Subsequently th e  
do c to r a tte n d in g  him, one of th e  nurses and two p a t ie n ts  
developed b o i l s  o r o th e r form of s e p s is . Because of the 
severe  n a tu re  o f th e  in fe c t io n  and c le a r - c t t t  epidemic form, 
s tap h y lo co cc i from a l l  f iv e  cases were sen t to  me fo r  phag©
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ty p in g  and a l l  proved to  be 5^ /52A.
(2 ) A young woman d ied  o f sep tic ia e m ia  in  C a rd iff  Royal 
In f irm a ry  and a t  au topsy  a staphylococcus of th i s  type was 
is o la te d  from  th e  b lood , l i v e r  and sp leen . Two docto rs 
who a tte n d e d  th e  exam ination l a t e r  developed b o i l s  from 
which th e  same phage "type was grown.
These f in d in g s  c e r ta in ly  suggested th a t  s tap h y lo co cc i 
o f type 52/ 52A were o f  g re a te r  v iru len c e  th an  o t te r s  p re se n t 
in  th e  a re a . But th e  p resence  o f type 6/47 in  S t .  D av id 's  
E o s p i ta l  made i t  d i f f i c u l t  to  o b ta in  a c le a r  p ic tu re  of 
e v e n ts . In  th e  f i r s t  p la c e , i t  was so common th a t  i t  could 
be i s o la te d  from  n e a r ly  every  baby whether o th e r types were 
p re s e n t or n o t. T h is made i t ,  in  ny opinion, appear to  be 
more v i r u le n t  th an  i t  r e a l ly  was. Secondly, i t  was found 
to  produce v ery  l i t t l e  a lpha  ly s in ;  th i s  may have made i t  
l e s s  v i r u le n t  than  th e  average, so th a t  i t  was not a su ita b le  
s t r a i n  to  compare s t r a i n  5^/52A w ith  i f  one wanted to  estim ate  
th e  v iru le n c e  o f th e  l a t t e r .  Another p o in t which made me 
u n w illin g  to  jump to  any conclusions as to  the  v iru len ce  of 
type 52/52A was th a t  op in ion  a t  th a t  time was ag a in s t the 
p o s s i b i l i t y  t h a t  one p a r t i c u la r  phage type might behave 
d i f f e r e n t ly  from th e  o th e rs . The cu rre n t view was based on 
th e  o b se rv a tio n s  o f W illiam s, Rippon and Dowsett (1953) I 11 
t h i s  coun try  and R ountree (1953) i*1 A u s tra l ia .  They found
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that p a t ie n ts  w ith  fu lm inating staphylococcal pneumonia 
fo llo w in g  on in fleu za  were more l ik e ly  to  he in fec ted  with  
a group I  s tr a in  and those w ith food poisoning would* almost 
c e r ta in ly  have a group I I I  s tr a in . Rountree a lso  found a 
preponderence o f group II  s tra in s  among b o ils  and deep 
in fe c t io n s . Otherwise i t  was sta ted  that "no p articu lar  
staph ylococcal type appears to  he unduly common in  any 
d isease ,"  (W illiam s e t  a l .  1953). In 1953 a lso , Levy,
Rippon and W illiam s examined 254 s t r a in s  from human sources 
fo r  a lpha and b e ta , haem olysin p rod u c tio n , pigment and 
f ib r in o ly s in  in  o rder to  see i f  th e re  was any d iffe ren c e  in  
th e  amount o f th e se  substanoes produced in  th e  d if f e r e n t  
phage g roups. They re p o rte d  th a t  th e re  was no s ig n if ic a n t  
a s s o c ia t io n  between phage type and o ther p ro p e r tie s  and no 
d i f f e r e n t i a t io n  w ith in  th e  groups of any p a r t ic u la r  s t r a in  
which happened to  be epidem ic. As th e  paper of Rountree and 
Freeman was n o t p u b lish ed  u n t i l  th e  summer of 1955* i t  may be 
seen th a t  th e re  was l i t t l e  support fo r  any unusual th e o rie s  
about s tap h y lo co c ca l v iru le n c e .
In  May, 1955* when work was started  in  the new Maternity 
H osp ita l in  C ard iff, the phages 80 and 81 became availab le  fo r  
routine phage typing* I  was very in terested  to fin d  that they  
lysed  the s tr a in s  52/ $ 2& s p e c if ic a l ly , at the routine t e s t  
d ilu tio n . I  had kept cu ltures o f these stra in s  from the
1953/4 epidem ic and found th a t  th ese  a lso  belonged to  the  
new type 8 (/81  ( l a t e r  phage 81 was om itted  from th e  ro u tin e  
ty p in g  s e t  and t h i s  s t r a i n  became known as type 80) .  In  
R ountree and Freeman*s pap er the  p o ss ib le  o r ig in  o f  th i s  
s t r a i n  i s  d isc u sse d . I t  may have a r is e n  by m utation  from 
a p re v io u s ly  e x is t in g  s t r a in  o f lower v iru le n c e . I t  was 
u n lik e ly  to  have been p re s e n t in  A u s tra l ia  undetec ted  fo r  
any le n g th  o f tim e because o f i t s  s t r ik in g  behaviour. I t  
was n o t the  one th a t  was re sp o n sib le  fo r  the Canadian (Colbeck 
1949 and Webb, 1954) or th e  Norwegian (Oeding 1952) ou tbreaks, 
and W illiam s s ta te d ,  in  a p e rso n a l communication, th e  phage 80 
ly sed  s p e c i f i c a l ly  few of the  s t r a in s  re sp o n sib le  fo r  seffere 
s e p s is  in  B r i ta in .  I t  was f i r s t  recognized in  A u s tra l ia  in  
June 1953; in  December 1953 i t  was re sp o n sib le  fo r  an outbreak  
o f  severe  s e p s is  in  C a rd if f .  Did the  s t r a in  a r is e  spontan­
eo u sly  a t  o p p o site  ends o f the  world and was i t  t ra n s fe r re d  by 
some means from one to  the  o ther?  I  found th a t  none o f the  
n u rs in g  s t a f f  a t  S t .  D av id 's  had come frcm A u s tra lia  a t  th a t  
tim e , b u t no in fo rm atio n  was a v a ila b le  about p a t ie n ts .
INVESTIGATIONS IN CARDIFF MATERNITY HOSPITAL.
In  th e  s tudy  begun in  May 1955, t h i s  s t r a in  was grown from 
a s e t t l i n g  p la te  in  one o f th e  n u rse r ie s  on th e  f i r s t  day th a t  
th e  b u ild in g  was opened. A fte r  th a t  i t  was n o t seen fo r
s e v e ra l  m onths, as has been d esc rib ed  in  th e  s e c tio n  on 
epidem iology. When a p u p il  midwife who was a h ea lth y  
c a r r i e r  e n te re d  th e  u n it  in  Ju ly , th ree  b ab ie s  and the  
m other o f one o f  them acq u ired  th i s  organism on the  f lo o r  
where she worked. A ll  developed s e p s is , th e  mother a b re a s t  
ab scess  and th e  b ab ies  u n u sually  severe sp o ts . When th e  
in fe c t io n  broke out on th e  newly-opened f lo o r  C, i t  became 
obvious th a t  t h i s  s t r a in  was indeed very  dangerous, so a  
re p o r t  was made to  the c l in ic ia n s  concerned. A ll  th e  a d u lt 
c a r r i e r s  o f type 80 were removed from duty and tr e a te d ,  and 
in fe c te d  b a b ie s  were is o la te d .  As a lread y  desc rib ed , th e se  
m easures were e f f e c t iv e  and the outbreak  was c o n tro lle d . A 
c o n tin u a l w atch was kept on a l l  th e  new s t a f f  and any c a r r ie r s  
o f type 80 were k ep t away from the  n u rse r ie s  u n t i l  they  had 
been  t r e a te d .  A nimber o f bab ies  were in fe c ted , however, 
b e fo re  th e se  m easures took  e f f e c t  and th e re  were sev e ra l cases 
o f severe  s e p s is :  -  one o f o s te o m y e litis , one of c e l l u l i t i s ,  
two b re a s t  ab scesses  in  m others and one in  a baby.
The number of b ab ies  carry in g  th e  d if f e r e n t  phage types 
which developed s e p s is  a re  shown in  th e  fo llow ing  ta b le s .  As 
in  th e  in v e s t ig a t io n  a t  S t .  D av id 's  the  r e s u l t s  a re  shown in  
two ways (T ab les  14 and 15). In  th i s  h o s p ita l  a lso  there  
were two s t r a in s  which produced le s s  alpha ly s in  than usual, 
and in fe c t io n  r a te s  w ith  th ese  a re  recorded s e p a ra te ly .
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TABLE 14.
The D is tr ib u tio n  o f Phage types among; 388 babies 
w ith  and without S ep sis .
T otal 80 52A/79 52A /6/7/54 Others
7.73/81
Bahies w ithout 253 6 2 -%  33 13*7?S 52 - 2 1 * ^  160 62*^
se p s is
” w ith  s e p s is  135 18 I3 .JS 11 8 -1$  13 9 »$S 93 £>9>(fo
” " " 80 14 17*^6 7 8 . 7^  5 6*gS 67 83*7^
The. th ird  row of f ig u re s  r e fe r s  to  stra in s received from the 
h o sp ita l laboratory.
TABLE 15*
The Percentage o f S tra in s  in  Each Phage type Grouped According 
to  the Subsequent H istory  o f In fec tio n  in  the Babies carrying them
Phage type T ota l No. developing le s io n s Percentage
80 24 18 75
52V79 46 11 24
52/524/6/7
/ y  73/81
65 13 20
other s tr a in s 253 93 37
Apart from the two weakly lysogenic stra in s , 253 staphy­
lo c o c c i were iso la te d  which produced average amounts o f alpha 
ly s in . So the apparent high virulence of type 80 was not due 
to  comparison w ith  an aviru lent stra in . The resu lts  show that 
when compared w ith  fu l ly  tox ig en ic , coagulase p o s it iv e  staphy­
lo c o c c i, s tr a in s  o f th is  phage type s t i l l  appeared to  have 
greater v iru len ce . Although only 24 babies were in fected ,
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two—th ird s  o f them developed sep sis  which was iri most cases 
more severe c l in ic a l ly  than that caused by other stra in s .
What t h i s  d ifferen ce  might be due to  has been studied in  some 
experiments described in  Appendix I I .
DISCUSSION
" It would appear th at Staph, aureus of phage type 80 i s  
h igh ly  in fe c t iv e  and possessed  of more than ordinary v ir u le n c e ...  
S tra in s  o f th is  type present a challenge and an opportunity to  
the b a c te r io lo g is t  fo r  fundamental in v estig a tio n  on the nature 
and mechanisms o f path ogen ic ity  o f the staphylococci."  (B la ir  
and Carr, 1958).
This i s  by no means a new challenge. B a cter io lo g ists  have 
been in ter e sted  in  th is  problem fo r  almost as long as staphy­
lo c o c c i have been known. No one can f a i l  to  be puzzled by the 
d ifferen ce  between the harmless sym biosis in which these 
organisms can l iv e  w ith  man t and the devastating d iseases and 
epidem ics which th ey  can cause. I f  the fundamental reason for  
t h is  d ifferen ce  could be found, not only would we gain in sig h t  
in to  the mechanism o f staphylococcal v iru lence, but the discovery  
would be o f enormous p r a c tic a l value in  preventive m edicin e.-.
I f  only a sim ple laboratory te s t  for virulence could be made 
a v a ila b le , the main d if f ic u lt y  in  the prevention of staphylo­
cocca l c r o s s - in fe c t  ion  would be removed. We would be able to  
p ra ctice  what Brodie, James can and Sommerville (1955) c a l l
‘ sp ec ie s  s a n ita t io n 1 -  ( t h is  name i s  derived from the 
prevention  o f m alaria which was made p o ss ib le  once the 
id e n t ity  o f  the p a rticu la r  mosquito vector was known).
To consider the p r a c tic a l aspect o f the question f i r s t ;  
the d i f f ic u l t y  i s  th at the coagulase t e s t ,  which i s  used to  
id e n t ify  the sp ecies  Staph, aureus, i s  too in c lu s iv e , as many 
workers have remarked:- Schwabacher e t  a l .  (1945); Colbeck,
(1949); B rodie, Sommerville and Wilson, (1956). C ertainly  
coagulase negative organisms are not l ik e ly  to be a cause 
o f trouble ( although such stra in s  -  probably degraded coagulase 
p o s it iv e  ones -  have sometimes been grown from closed  and long­
standing in fe c t io n s  such as o steom yelitis  and brain ab scess). 
But w ith in  the coagulase p o s it iv e  group, stra in s  seem to  vary 
so much in  v ir u le n c e %th at other properties have frequently  
been in v estig a ted  as p o ss ib le  a ltern a tiv e  c r ite r ia . The 
production o f alpha ly s in  seemed to  be the obvious one, and 
severa l workers have advocated i t s  uses in  preference to  the 
coagulase t e s t :  -  C h r is tie , North and Parkinr, (1946); Marks, 
(1952); Jackson, Dowling and Lepper, (1955)* In niy own 
in v e s t ig a tio n s , I  found that the three epidemic stra in s which 
were poor alpha ly s in  producers could v ir tu a lly  be ignored as 
a cause o f  d isea se . I  have a lso  found the routine use of 
sheep blood agar p la te s  o f  great value for the early
id e n t if ic a t io n  o f Staph, aureus co lo n ie s . Many people use the 
phenolphthalein  phosphate p la te s  described by Barber and Kuper 
( 1957) fo r  th is  purpose ( t h is  t e s t  g ives a c lo se  corre la tion
w ith coagu lase). However, none o f these t e s t s  g ives an
.. >
in d ica tio n  o f the kind o f d if fe r e n tia t io n  we are looking for  -  
the d ifferen ce  between a dangerous and invasive stra in  such as 
phage type 80 and the average staphylococcus w ith  which we expect 
to  be able to  hold our own.
The more fundamental problem, the actual mechanism of 
staph ylococcal v iru len ce , has stim ulated a great deal o f research  
ever sin ce  the d iscovery  o f coagulase in  1903 and. of alpha ly s in  
in  1894* F ir s t  there was the question as to  whether the ly s in  
fo r  rabbit c e l l s  and the le th a l and necrotizin g  factors were 
separate (Parker, 1924) or1 the same (Burnet, 1929). Then the 
Neisser-W echsberg leu cocid in  was d ifferen tia ted  by Panton and 
V alentin e in  1932 from that acting on human c e l l s .  Later, 
other ly s in s  were described, beta by Bryce and Rountree in  1936, 
gamma by Morgan and G-raydon in  1936 and Smith and Price in  1938, 
and d e lta  by W illiam s and Harper in  1947. The enzymes which 
attack  f ib r in  and hyaluronic acid  were a lso  discovered, and the 
nysteriou s substances which break down egg-yolk and serum. M 
s e r ie s  o f in v e s t ig a tio n s  were carried out in  which these various
p ro p erties  o f the staphylococcus were conpared w ith i t s  
v iru len ce . The la t t e r  was estim ated in  two ways:-
(1 ) By fin d in g  the source o f the stra in  in  question andi 
comparing the p ro p erties  of staphylococci from le s io n s  w ith  
those from ca rr ier  s i t e s  -  Wright (1936), Fairbrother, ( 1940) ,  
C h ristie  (1 9 4 0 ), Schwabacher e t  a l .  (1945), G ille sp ie  and 
Simpson ( 1948) ,  S e lb ie  (1953), Lack and W alling, (1954), and 
Jackson, Dowling and Lepper (1955). Most workers agreed that 
the s tr a in s  from le s io n s  possessed a more complete armamentarium 
o f p ro p erties  than saprophytic s tra in s . Any of these might
he lo s t ,  the most l ik e ly  being the production of alpha ly s in ,  
and a f u l ly  degenerate s tra in  would be av iru len t. One 
c r it ic ism  can be made o f th is  type o f in v estig a tio n  now that 
phage typ ing has shown how one or two stra in s may be endemic 
in  a h o sp ita l a t a iy  given time; when these stu d ies were made 
o f s tr a in s  from in -p a tie n ts  in  one h o sp ita l, many samples of 
one phage type may have been te sted  instead of the large  
v a r ie ty  o f s tra in s  that the in vestig a to r  imagined.
( 2 ) By determining the virulence for  animals. Most o f these  
stu d ies  led  to  the conclusion th a t, while none o f the reactions  
of the usual experim ental animals can be compared w ith those of 
man, the v iru len ce  o f staphylococci fo r  animals appears to vary
according to  the amount o f alpha ly s in  produced -  Chapyan,
Berens, P eters and CuJycio (1934), Cruickshank (1937), Flaum (1938),
Chapgian, Berens, N ilso n  and Curcio (1938), C h r istie , North and 
Parkin (1 9 4 6 ), S e lb ie  and Simon ( 1952),Howard (1934), F isher  
and Thompson (1956)^ and Anderson (1956). E lek, concluding 
th at animal t e s t s  were not r e lia b le  in  the assessment o f 
v iru len ce  fo r  man, recen tly  published a descrip tion  o f patho­
g e n ic ity  t e s t s  carried  out on human volunteers (1956). In  
stanmary, he sa id , "No d ifferen ce  in  the virulence of known 
pyogenic s tr a in s  and nasa l s tra in s  from unselected carriers  
could be demonstrated by accepting pus formation in  man as the 
c r ite r io n  o f v iru len ce . In su rg ica l in fec tio n  the fo re ig n  
body rea c tio n  and p o ss ib le  other mechanisms o f delayed defense 
appear to  determine whether c l in ic a l  d isease occurs."
Another type o f animal experiment was carried out in  an ■ 
attempt to  f in d  out what a c tu a lly  happens in  the course of 
a staph ylococcal in fe c t io n . Burnet, in  1929, for  example, 
found th at although rabbits immunized with a f i l t e r e d  toxin  
were unable to  c lea r  the blood of staphylococci in jected  
in travenously , they survived longer than non-immunized ones. 
This suggests th a t there might be an aggressive factor  in  the 
b a cter ia  them selves apart from the power to produce toxin .
Lyons ( 1937) a lso  studied  the rate of clearance by staphylococci 
from the blood o f normal and immunized rabbits. In both, 
there was rapid disappearance of organisms frcsn the blood stream 
but a secondary r is e  a fte r  5 hours occurred in  the non-immunized
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anim als, and some o f the immunized ones survived. He 
ascribed the d ifferen ce  to  the p ro tectiv e  action  of the 
antibody to  the capsu les on the immunizing staphylococci.
At autopsy, stap h ylococci were iso la te d  from the kidneys 
o f a l l  the ra b b its . Smith and Dubos (1956) studied the 
behaviour o f coagulase negative and p o s it iv e  staphylococci 
( using mouse plasma) when in jected  in to  m ice; a) by stucty- 
of the le s io n s  a t autopsy; b) by survival tim es follow ing  
intravenous in je c t io n , and c) by quantitative determination  
o f numbers iso la te d  from blood and various organs. In 
both ea se s , most organisms disappeared rapidly from l iv e r ,  
spleen  and kidney, but a few l iv in g  staphylococci always 
p e r s is te d  fo r  sev era l weeks. Then they started  to  m ultiply  
in  the kidneys, causing abscesses which k il le d  the mouse in  
the case o f coagulase p o s it iv e  staphylococci but became 
s t e r i l e  w ith  coagulase negative ones, F isher and Thompson 
(1956) found th at some stra in s o f Staph, aureus were rapidly  
le th a l fo r  mice and others miich le s s  so — the e f fe c t s  being 
mainly in  the lungs.. This was not due to  abnormal production 
of alpha ly s in  or coagulase, so a seardh was made for the 
le th a l fa c to r  -  without success.
No inform ation has resu lted  from a l l  th is  work as to how 
or why one s tr a in  o f Staph, aureus should be more v iru lent 
than another. Some in ter e st in g  d iscoveries in  recent years, 
however, have a bearing on th is  subject. I t  was formerly
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thought, as described e a r lie r  in  th is  sec tio n , that no 
d ifferen ces  could be d etected , e ith e r  in  laboratory t e s t s  
or c l in i c a l  behaviour, between staphylococci o f d ifferen t  
phage ty p es . Where d ifferen ces  could be shown, as for
A
example the tendency to  be associated  w ith a certain d isease, 
or to become r e s is ta n t  to  a n t ib io t ic s  (Group I I I ) ,  or to  
co lon ize  the noses o f sjtaff in  M aternity H ospitals (Group I) 
they a ffe c te d  th e  broad phage and sero lo g ica l groups, not 
in d iv id u a l phage ty p es . Therefore any demonstration that 
l y s i s  by a p a r ticu la r  phage was associated  w ith certa in  
c l in ic a l  and in  v itr o  characters was of very great in ter e st  
indeed.
In 1955f Parker, Tomlinson and Williams published a paper 
showing th at s tr a in s  from su p e r fic ia l in fec tio n s  such as 
pemphigus and im petigo were nearly always lysed  by a new phage, 
71. Tomlinson had n oticed , in  194-1, before phage -typing was 
introduced, that staph ylococci iso la ted  from cases o f impetigo 
in h ib ited  the growth o f C. diphtheriae on so lid  media and caused 
opacity  in  p la te s  contain ing serum. These properties were 
found to be p resen t in  s tr a in s  of type 71 • Another em pirical 
t e s t  had been described by G ille sp ie  and Alder in  1952 -  the 
production o f op acity  in  broth containing egg-yolk. This 
property was seen most o ften  in  stra in s  iso la ted  from deep- 
seated c lo sed  le s io n s  occurring in  non-hospital p a tien ts .
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H osp ita l s ta p h y lococc i, which were mainly from su p e r fic ia l  
wound in fe c t io n s , were p e n ic i l l in -r e s is ta n t ,  egg-yolk  negative  
and tended to  belong to  phage group I I I .  I t  was suggested  
th at s tr a in s  which were egg-yolk  negative and p o s it iv e  in  the 
corynebacterium in h ib it io n  and serum opacity t e s t s  were l ik e ly  
to  cause s u p e r f ic ia l  in fe c t io n s , w hile stra in s  which showed 
the opposite  characters were l ik e ly  to  be moire invasive and 
capable o f  causing deep le s io n s . S tra in s o f phage type 80 
ccane in to  the la t t e r  category. Although these observations 
do not t e l l  us a great deal a t the moment about the pathogen­
e s i s  o f  stap h ylococca l le s io n s , they are very important in  
showing th at in  v itr o  d ifferen ces  between phage types can be 
linked yp w ith  d ifferen ces  in  behaviour in  the course o f an 
in fe c t io n . I f  s im ila r  observations could be made which would 
id e n t ify  s tr a in s  l ik e ly  to  cause epidemics, we would be on the 
way to  so lv in g  our problem.
One method which has been used to  detect such staphylococci 
i s  ty  the a n t ib io t ic  r es is ta n ce  pattern . I t  can be assumed 
that s tr a in s  r e s is ta n t  to  more than one a n tib io tic  substance are 
l ik e ly  to  be " h osp ita l staphylococci” and fo r  that reason and 
because they are d i f f ic u l t  to  tr e a t , they should be regarded as 
unusually v ir u le n t . Shooter e t  a l .  (1958) tr ie d  the e f fe c t  
of b arrier  nursing in  a s id e  ward p atien ts  in fected  with  
te tr a c y c lin e -r e s is ta n t  sta p ly I°cocci* They found th is
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e f f e c t iv e  in  p reven tin g  the spread o f th e ir  in fec tio n .
This b r in gs one to  the rather academic question; are 
stap h ylococc i nowadays r e a lly  more v iru len t than those seen 
in  the days before the introduction  of a n t ib io t ic s ;  or i s  the 
increase in  sta p ty lo co cca l d isease simply due to  the se le c tio n  
o f v ir u le n t s tr a in s  by the use o f substances to  which they 
are r e s is ta n t?  McDermott (1956) discussed th is  question and 
came to  the conclusion  th at a) staphylococci are no commoner 
in  the gen eral population  than they were 12 years ago;
b) apart from empyema in  in fa n ts , staphylococcal in fec tio n s  
outsid e h o sp ita ls  seem to  be no commoner than before, and
c) th ere i s  no evidence th at "hosp ita l strains*" are more 
v iru len t than oth ers, although there may be lo c a lised  epidemics 
o f s tr a in s  which are more pathogenic. What we are seeing  
nowadays, he concludes, are signs that the h itherto sa tis fa c to ry  
equilibrium  between our h o sp ita l p a tien ts  and staphylococci i s  
becoming unbalanced -  not because there i s  greater challenge! 
from the stap h ylococci but because the p a tien ts  are le s s  
w ell-equipped to  dea l w ith  them. He blames the use o f cortisone, 
X rays and "broad spectrum an tib io tics"  for th is , and the 
su rv iva l o f  people such as d iab etics  who would formerly have 
died.
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These th eo r ie s  do not exp lain  the recent severe 
outbreaks in  m aternity h o sp ita ls , however. In ny opinion, 
there i s  no evidence th a t staphylococci nowadays are more 
v iru len t than they used to  be. The accounts of outbreaks 
of f i f t y  and a hundred years ago describe the ravages of 
h ig h ly  v ir u le n t organisms. What we do know now i s  that 
s tra in s  o f c er ta in  phage types are more l ik e ly  to  cause 
outbreaks o f in fe c t io n  than others; that sane stra in s become 
epidemic or endemic w ithout causing d isease; and that as y e t  
there i s  no way o f t e l l in g  the d ifferen ce  between them.
Several papers have been published recently  which show 
how few the v iru len t and epidemic stra in s are. Baldwin,
Rheins, S y lv ester  and Shaffer (1957) iso la ted  197 d is t in c t  
s tr a in s  in  Tg- months from a nursery, but found that only 
5 o f them accounted fo r  73^ o o f the co lon isa tion , and one 
alone fo r  3 ($ . Shooter e t a l .  (1958) id e n tif ie d  186 d ifferen t  
phage p a ttern s among the staphylococci iso la ted  from a general 
su rg ica l ward in  e ig h t months. Only 13 o f these caused d isease  
and only three were responsib le for d isease in  more than one 
p a tie n t. W illiam s (1959) in  a survey of th®. staphylococci
received  fo r  typ ing by the Staphylococcal Reference laboratory
at C olindale between 1954- and 1957, and of published reports 
of outbreaks, described a sim ilar s itu a tio n . "Over of 
epidemic spread was due to  s ix  phage types -  80, 71, 7/4-7/53/54/75, 
7 f/7 7 , 52A/79 and K l /5 h / l 5 /n .  There appear, th erefore, to  be 
su b sta n tia l d ifferen ces  in  the pathogenic a b i l i t i e s  of d ifferen t  
phage types o f staph ylococci."  Sometimes the occurrence of an 
outbreak has been ascribed to the presence o f a dangerous earr ier . 
Such a ca rr ier  i s ,  in  W illiams * opinion, l ik e ly  to  be a person 
who ca rr ie s  a dangerous staphylococcus.
There i s  unfortunately  at the moment no t e s t  for  such 
stap h y lococc i. We cannot even la b e l a phage type as invariab ly  
pathogenic, as one can p red ict that S . typhi for example, w i l l  
be more v iru len t than S. typhirnurium. Not a l l  the stra in s o f 
phage type 80 are eq u a lly  v iru len t, w hile others, such as the 
s tr a in s  described  by Colbeck (194-9) and Webb (1954) seem to have 
been ju st as v iru len t as s tr a in  80 at i t s  worst. G ille sp ie  
found some s tr a in s  o f type 80 which had a d ifferen t a n tib io tic  
pattern  and c l in ic a l  behaviour from the expected ones (1957)- 
In each outbreak the cguaal organism must f i r s t  be id en tified  
and then trea ted  according to  i t s  virulence in  that particu lar  
place at th a t p a r tic u la r  tim e.
AHENDIX I .
Experiments on R esistance to  Adverse Conditions.
Introduction.
In the in v e s tig a tio n s  in to  the epidemiology o f Staph. 
aureus in  C ard iff M aternity H ospital, i t  was found that a 
number o f  s tr a in s  became epidemic for periods o f  severa l 
months at a tim e. I t  i s  in tere st in g  to speculate on why 
th ese  p a r tic u la r  phage types could have behaved in  th is  way 
and i f  they might have possessed  some sp ec ia l q u a lit ie s  which 
made them more e a s i ly  transferred than other stra in s or 
b e tter  able to  r e s i s t  the action  o f  in im ical agents in  the 
environment. The f i r s t  q u a lity  would be d i f f ic u l t  to  t e s t ,  
but the second i s  one which i t  seemed p o ssib le  to  estim ate  
roughly by sim ple lab orato iy  t e s t s .  Several workers who 
have stu d ied  the res is ta n ce  o f various species o f bacteria  
have commented th a t d if fe r e n t stra in s  of Staph, aureus varied  
in  th e ir  reaction : -  Burtenshaw (1945) in  the case o f skin  
l ip id s ,  and Lowbury and Pox (1953) °n the e f fe c t s  of drying. 
Por t h is  reason, there seemed a chance that there might be 
a v a r ia tio n  in  the resista n ce  o f certa in  stra in s of Staph. 
aureus which could exp la in  th eir  epidem iological behaviour.
Pour agents were se lec ted , and the resistance to them o f  
stra in s  which became epidemic and stra in s which did not, were 
te s ted . The agents were:
( l )  P a tty  a c id s . Burtenshaw (1945) found that ether extracts  
of skin, hair and n a ils  were b acter iacid a l and that the acoive
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component was in  the f a t t y  acid fr a c tio n . Therefore two 
fa t ty  a c id s , o le ic  and l in o le ic  acids were used in  an experiment 
to see i f  the epidemic s tra in s  were more r e s is ta n t than others.
( 2 ) .  Soap. S ince ordinary soap i s  r e lie d  on every day fo r  
the removal o f  staph ylococci from the hands, itnwas thought 
th at i t  would he worthwhile to t e s t  the resistan ce  o f the two 
types o f stap h ylococc i under consideration to  soap so lu tio n s.
(3 ) A c id ity . Some workers have postu lated  that the s e l f -  
s t e r i l i z in g  power of the skin i s  due to  i t s  a c id ity , which i s  
mainly derived from la c t i c  ac id , hut a lso  from formic and hutyric  
acids and the breakdown of keratin . Burtenshaw estim ated that 
th e  sk in  a l l  over the body, except the areas where there are 
apocrine g lan d s, has a pH of about 3. I found that staphy­
lo c o c c i survived pH 3 for 15 minutes but not much longer, so th is  
degree o f a c id ity  was used to  t e s t  the resistance  of d ifferen t  
s tr a in s .
( 4 ) Drying. The su rviva l o f staphylococci in  dust has been 
studied by Lowbury and h is  colleagues -  Lidwell and Lowbury,
(1950) andLLowbury and Pox (1933). In ny own in v estig a tio n s,
I  found th at 3,400 co lo n ies  of Staph, aureus coyld be iso la ted  
from 1 gramme o f dust obtained from the vacuum cleaner used
on flo o r  C, a fter  i t  had remained on the bench for 6 weeks.
These may have been protected  from the e f fe c t s  o f drying by 
serum or pus, for  drying from a drop o f water or sa lin e  has 
been found in  v itr o  experiments to  be h igh ly  destructive to
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most organisms. In  f a c t ,  Norton ana Novy (1932) considered  
th at d e ss ic a tio n  was responsib le for  the death of organisms 
when a drop o f a suspension was placed on the skin . Therefore, 
the epidemic and non-epidemic stra in s  were te sted  for resistan ce  
to  drying, both from the poin t o f view of survival in  dust for  
long periods and o f su rv iva l on hands for  long enough to  be
transferred  from one p a tien t to  another.
M aterials and Methods.
S ix ty  s tr a in s  a ltogeth er  were te sted  fo r  resistance  to  a l l  
four agents; 30 epidemic and 30 non-epidemic. The f i r s t  group 
con sisted  o f 6 s tr a in s  belonging to  5 of the epidemic phage types, 
each obtained from a d if fe re n t source. The other group was made 
up o f stap h y lococci belonging to  18 d ifferen t phage types, none 
o f  which, ever became common in  the h o sp ita l. One^xperiment 
was carried  out every day for 6 days, te s tin g  10 d ifferen t types 
each tim e,, so  that any minor varia tion  in  conditions would be
d istr ib u ted  over a s e r ie s  o f d ifferen t stra in s .
Beford the experiment began, tenfold  d ilu tio n s o f the 10 
stra in s  to  be te s ted  were made in  sa lin e , and 3 drops o f the 
10  ^ and 10 ~6 d ilu tio n s  were allowed to f a l l  onto agar p la te s .
These were incubated, and the number o f co lon ies counted the 
fo llow ing  day, g iv in g  the s iz e  of the inoculum used. Pasteur 
p ip e tte s  ca lib ra ted  to  d e liver  30 drops per ml. were used 
throughout.
(1 )  F a tty  A cid s. O le ic  and l in o le ic  acids were used; the 
method was s im ila r  to  th a t described by R ick etts , Squire and 
Topley (1951)* Each was d ilu ted  in  buffered peptone water 
to  a concentration  o f 5 iag/ml. 1 *8 ml. amounts of th is  were 
put in to  10 t e s t  tubes, and 0*2 ml. of the 10 d ilu tio n s  o f  
each s tr a in  to  be te s te d , was added. The tubes were incubated 
in  a waterbath a t 37°C fo r  30 minutes and then 2 drops from 
each tube allow ed to  f a l l  onto an agar p la te .
( 2) Ten tu b es, each containing 1*8 ml. o f buffered peptone
 ^ -kwater a t  pH 3 , were inoculated  w ith 0*2 ml. o f the same 10 -  
d ilu t io n s  o f 10 cu ltu res o f Staph, aureus stra in s  as in  the 
previous experim ent. They were incubated for only 15 minutes 
before a sample was withdrawn from each tube and two drops 
d elivered  onto p la t e s .
(3) Soap. A 1 in  10,000 ( w /v) so lu tion  o f  the soap used 
fo r  handwashing in  C ard iff Maternity H ospital was used in  t^ is  
experim ent. 1»8 ml. was put in to  each of 10 tubes and inoculated  
as b efore . Two—drop samples were removed a fter  incubation fo r  
an hour.
(4-) D rying. 1 drop from a 10  ^ d ilu tio n  of each of the 10
cu ltu res to  be te s te d  was allowed to  f a l l  onto each o f U- s t e r i le  
cover s l ip s .  These were stored in  s t e r i le  p e tr i  dishes w ith
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the l i d  h a lf  open. When the drops were dry, two o f the 
cover s l ip s  were inverted  onto agar p la te s , l e f t  there fo r  
15 m inutes, and c a r e fu lly  removed. The same was done with  
the remaining two next day.
A fter  overnight incubation of the p la te s , a s e r ie s  of 
small areas were obtained w ith  a number o f  staphylococcal 
co lo n ie s  on each, two fo r  each stra in  in  each t e s t .  These 
were counted and an average taken of the two. A fter the 
ntsnber o f  staph ylococcal co lon ies in  the inoculum was counted, 
the percentage su rv iva l in  each t e s t  was estim ated. The
r e s u lt s  are shown in  Table 16.
R esu lts .
TABLE 16.
The Average Percentage Survival o f Epidemic and Non-
1 3 ^ . •! n  m  C  4 * %t A  M  PI
Epidemic
s tra in s
Non-epidemic
stra in s
D ifference
S.E. o f  
Difference
L in o le ic
acid 7-558 10 • 154 +2-596 12*463
O leic  acid 29-568 34-675 +5-107 12*971
pH 3 1.007 2*768 +1-761 l l .317
Soap 1 in
10,000 20*153
28*586 +8-433 16 * 154
Drying a fte r  
1 hour 41 -637 44*703 +3-066 I 5 -084
” a fte r  18 
hours 5*400 8*850
+3-450 12*179
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The average percentage su rv iva l o f the 30 epidemic 
and; 30 non-epidem ic s tr a in s  are shown in  Table 16. I t  may 
he seen th a t in  every case, the non-epidemic s tra in s  showed 
greater r e s is ta n c e  than the epidemic ones. Although the 
r e s u lt s  in  in d iv id u a l t e s t s  were not s ig n if ic a n t , when those 
o f a l l  s ix  are added togeth er, the to ta l  d ifference i s  
s ig n if ic a n t . This i s  the opposite of what I had expected to  
fin d , which was th a t s tr a in s  which spread round the h o sp ita l 
would he more r e s is ta n t  to  in im ica l agents than those which 
did  not spread. I , th erefore , asked the advice of 
Dr. C. C. S p icer , who i s  s t a t is t ic ia n  at the Central Public  
Health Laboratory. He reviewed the s t a t i s t ic a l  analysis of 
th is  s ec tio n  and came to  the fo llow ing conclusion: "The
weighted mean d ifferen ce  i s  2*832  ^ 0*883. As the weighted 
mean d ifferen ce  exceeds zero by about three times i t s  standard 
error i t  can be taken th at spreading stra in s survive le s s  
w e ll than non-spreading on es.”
D iscu ssion .
As may be seen from the large figu res fo r  the standard 
errors, the r e s u lt s  of these experiments were very variab le. 
But sin ce  a s ig n if ic a n t  d ifference was found in  the sum of the
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mean percentage su rv iva l rate of epidemic s tr a in s , p o ss ib le  
reasons fo r  th is  must be considered.
The most in ter e st in g  o f these i s  simply that the a b i l i ty  
to  spread round a h o sp ita l does not depend on resistan ce  o f  
staphylococci to  such th in gs as drying, soap and the s e l f -  
d is in fe c t in g  power o f the sk in , but on the amount o f m ulti­
p lic a t io n  which takes place in  the h ost. I f  a stra in  i s  able 
to  grow rapidly and to colon ize the host su ccessfu lly , i t  w i l l  
be able to  spread through a h o sp ita l because o f the large  
numbers of organisms present. Many more w i l l  be disseminated 
than w ith  a le s s -s u c c e s s fu l co lon izer, so even i f  the survival 
rate  i s  poorer outside the body, th is  i s  r e la t iv e ly  unimportant. 
One comes again to  the d ifference between the importance of the 
•reservoirs* o f  in fec tio n  and the p laces where organisms are 
deposited but cannot m ultip ly . I f  a stra in  forms large 
reserv o irs  from which spread i s  contin ually  occurring by rapid 
tran sfer  between baby and baby, the survival rate outside the 
host i s  unimportant.
I t  i s  w e ll known that the more pathogenic organisms which 
are w ell-adapted to growth in  the host are often  not well-equipped  
fo r  su rviva l outside the body. Examples of th is  may be seen  
w ith in  the genus N e isser ia , where the non-pathogenic species
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survive w e ll in  dust and a ir , w hile N .m eningitid is and 
N. gonorrhoea are amongst the most se n s it iv e  b acteria  we know. 
WitMn the group o f M icrococci, R ick etts , Squire and Topley 
found that Staph, aureus was more s e n s it iv e  to  the action  o f  
fa t ty  acids than the other cocc i tested ; and i t  often occurs 
th at a micrococcus survives on a s e le c t iv e  p la te  or in  a medium 
contain ing an a n t ib io t ic  when Staph, aureus i s  k il le d .
For th is  reason, th ese  experiments which gave completely 
the opposite r e su lt  to the expected one, may be taken as a 
demonstration o f a fa c t  which we are coming to appreciate more 
and more:- the importance in  h o sp ita l cro ss-in fec tio n  o f s i t e s  
where Staph, aureus can m ultiply, compared w ith p laces where 
organisms are deposited  and remain v is ib le  but do not grow. I f  
we can remove the f i r s t ,  the second can be ignored.
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APPENDIX II.
Experiment on the In V itro  P roperties o f some Staphylococcal
iiiage Types.
Introduction.
This sec tio n  i s  an account o f a ser ie s  o f experiments 
which were carried  out, using the staphylococci which were 
most canmDnly iso la te d  during the epidem iological work at 
C ardiff M aternity H osp ita l. As many stra in s  frcm d ifferen t  
sources were used as p o ss ib le . Since the c l in ic a l  and 
ep idem iological behaviour o f these stra in s  was known, I  
thought th at i t  would he in terestin g  to  study th e ir  reactions  
to  various laboratory t e s t s .  Hone o f these was very elaborate t 
and a l l  were designed to  see i f  any in  v itr o  d ifferen ces could 
be detected  between the s tr a in s  which could be linked up with  
th e  c l in ic a l  fin d in g s.
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1. H aem olysins.
During the la t t e r  part o f my ep idem iological in v estig a tio n s  
ah out 2 4  rep resen tative stra in s  were examined each week for  
alpha iy s in  by a simple p la te  t e s t .  I t  was thought that th is  
would show i f  there was a n y  varia tion  in  the amount of alpha 
lysdn produced hy d iffe re n t staphylococci o f  the same phage type 
a t d ifferen t tim es. I t  was a lso  thought that i t  would he an 
advantage i f  the organisms were te s ted  as soon as p ossib le  a fter  
is o la t io n . When the p la te  method i s  used, i t  i s  p ossib le  to 
compare a number of stra in s  at the same time, so that the medium 
and experimental conditions are the same. The medium used 
in  these experiments appeared to  vary s l ig h t ly  from week to  week, 
judging by the average s iz e  o f the zones of ly s i s  obtained 
(p o ss ib ly  according to  the amount of an titox in  in  the sheep blood 
used) but as the same conditions applied to  a l l  the stra ins  
te s ted  on that occasion, th is  varia tion  was allowed fo r . As 
Marks pointed out in 1950, the estim ation  of to x ig e n ic ity  by 
measuring the s iz e  o f the zone of ly s i s  round a colony made the 
d ifferen ces  between the zones appear sm aller than the rea l 
d ifferen ces  in  to x ig e n ic ity , fo r  zon© widths are measured 
l in e a r ly  w hile tox in  d iffu sed  in to  the agar through three 
dimensions. He considered, however, that the method was u sefu l 
fo r  purposes of comparison.
m .
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cw* SUe-p Uiscx D ' P ^ p l ^ .  vkowuwg ^
clt^e^ev\V 2CV'fi! ^  ly SL£ J^rfictucCC  ^ .
M a ter ia ls  and methods:
Sheep blood agar p la tes :  sheep blood in  nutrient agar
1 ml. bovine albumin per p la te .
Sheep c e l l s  were obtained each week from the Serum Research 
I n s t itu te , Carshalton and were used as soon as p o ss ib le .
They were not washed.
Bovine albumin fra c tio n  V wAs obtained from Armour Bros, and 
d ilu ted  in  s t e r i le  sa lin e . I t s  use was suggested by Dr. Marks 
as a method o f suppressing n o n -sp ecific  l y s i s .  Rabbit and 
human blood was obtained fresh  by bleeding and defibrinated. 
Stab inocula were made in  the p la te s , using a stra igh t wire 
dipped in to  an over-night broth cu ltu re. The p la tes  were 
incubated overnight in  2(fo  CO^ . The zones o f ly s i s  were 
read the next day and recorded in  m illim etres. About 2A 
s tra in s  were te sted  on each p la te , (p la te  I I I ) .  In order to  
complete th is  study & se r ie s  o f  s tra in s  were inoculated onto 
sheep, rabbit and human blood p la te s  ( jfo concentration) in  
order to  estim ate the amofant of beta and d elta  ly s in s  
produced. The sheep p la te s  were incubated anaerobically , as 
C h ristie  and North in  'iShl showed that beta ly s in  was the only 
one which was produced under these conditions. The human 
blood p la te s  were incubated in  a ir  without CO^ .
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R e s u lts
a ) T ab le  17 shows th e  d is tr ib u t io n  of* zon es of* ly s i s  among 
large  numbers o f s ta p h y lo c o c c a l s tr a in s  iso la te d  w eek by 
w eek during th e  e p id e m io lo g ic a l in v e s t ig a t io n s . In each  
phage ty p e , w hile o c c a s io n a l s tr a in s  appeared w ith  unusually 
sm all or la r g e  z o n e s , th e  m a jo r ity  o f  zon es w ere about th e  
same s i z e .  In  some phage ty p e s  -  31,  l/bb  and 47 /5 3 /5 ^ 7 0  -  
tw o v a r ie t ie s  w ere p r e se n t in  th e  h o s p ita l, one producing an. 
a verage amount o f  ly s ln  ( th e  lesion  yellow  one in  th e  c a se  o f  
ty p e  7/ 54) and one v ery  l i t t l e .  B ut when th e  r e s u lt s  are  
taken a s  a  w h o le , I t  I s  apparent th a t stra in s  o f  sane ty p es  
w ere mare a c t iv e ly  to x ig en ic  than o th e r s . S tr a in s  of' phage 
types 524/79, 5 2 /;2 i/^ / 7/54/ 7 y S l and 521 co n s isten tly  produced 
very l i t t l e .  Of s p e c ia l  in te r e s t  i s  th e  amount o f  to z in  
produced b y  s ta p h y lo c o c c i o f  phage ty p e  8 0 , s in c e  th e y  were 
found  c l i n i c a l l y  and e p id e m o lo g ic a lly  to  b e unusually v ir u le n t . 
T here i s  no e v id en ce  th a t  they form ed more tox in  th an  o th er  
s tr a in s , in  f a c t  i f  an y th in g  th e y  appeared to  be s l ig h t ly  l e s s  
a c t iv e ly  to x ig e n ic  than th e  a v era g e . I t  i s  in ter e st in g  to  
ccnpare the r e s u lt s  o f  th e s e  investigations w ith  th e  c a rr ie r -  
le s io n  r a t io s  g iv e n  on p a g es 99 snd  1 0 4 .
13*
Is) The r e s u lt s  of*' p la te  t e s t s  fo r  l y s i s  b y  te n  s tr a in s  
on th r e e  d if f e r e n t  M ood s a re  a s  fo llo w s ;
TAHffi 18
The S in e  o f  th e  Zone o f  L y s is  Produced h y 10 S tra in s in  th e
B lood  o f 3 S p e c ie s .
P h ase ty p e B ab b it Sheep Hiasaxi
00 1  rrm ,r - 1 am.
528/79 1-5 - 1 .0
52/ 522/Z /7/ W i y 8* 1.0 - 1.0
52k 1-5 - 2*0
f /m 4*5 - 2 -0
7/ 5± 5*04  and 1 *25 - 2 -0
V y 43/ 3^5^/75 4*5 - 0 .5
5W T I 4-5 3 m u 1 -0
KI/55/ 15/T ! 4*0 and 1*0 - 2 -0
3k 3*0 and 1 -0 - 2-0
The distribution o f  a lp h a  to x in  p ro d u ct!on fo llo w s  aaaeh 
t i e  z&sm& pattern a s  in th e  p rem n iss t e s t  m th  sheep M ood p la t e s .
Only «m=i s t r a i n  -was found t o  produce h e ta  ly s in ,  and t h i s  and 
th e  p ro d u c tio n  o f ''delta l y s i s  shewed no a sso c ia tio n  w ith  psatSbo— 
g sn ic ilg r .
x  isca iaab ed  a n a e r o b ic a lly  f o r  h e ta  l y s i s  p r o d u ctio n .
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2 , Coagulase P ro d u c tio n .
I t  i s  reaso n ab le  to  expect th a t  th e  p ro d u c tio n  o f 
coagulase  m ight have scane a s s o c ia t io n  w ith  v iru le n c e , fo r  
t h i s  p ro p e r ty  has "been g e n e ra lly  accep ted  as th e  c r i t e r io n  
f o r  in c lu s io n  in  th e  sp ec ie s  S taph , au reu s . Organisms 
belong ing  to  t h i s  sp ec ie s  a re  assumed to  be pa th o g en ic , 
w hile  S tap h , a lbus and S taph , c i t r e u s  a re  regarded  as be ing  
non-pathogens. The a c tu a l  mechanism by which th e  p ro d u c tio n  
o f coagulase  could  make an organism v iru le n t  i s  no t c le a r .
The s u b je c t has been in v e s t ig a te d  most thoroughly  by Sm ith,
H ale and Sm ith (1947), who c a r r ie d  out experim ents w ith  
g u in ea-p ig  plasm a, which does n o t c lo t  in  th e  presence  o f 
coagu lase . I f  s tap h y lo co cc i were in je c te d  in to  th e se  anim als 
along w ith  a  oL o ttab le  plasm a from another sp ec ie s , th e  r e s u l t in g  
in fe c t io n  was found to  be more v i r u le n t  on th e  whole, th an  when 
a n o n -c lo tta b le  plasm a only was p re s e n t .  T his suggests th a t  the 
s tap h y lo co cc i may be p ro te c te d  by the  f i b r i n  formed in  th e  
c lo t t in g  p ro c e ss . Sm ith showed in  195& th a t  when p u r i f ie d  
coagulase was in jec ted , in trav en o u sly  in to  r a b b i ts ,  t h e i r  plasm a 
f ib r in o g e n  f e l l  s te e p ly  and f i b r i n  c lo ts  were found post-m ortem  
in  th e  blood v e s s e ls ,  e s p e c ia l ly  of th e  lu n g s . On th e  o th e r
hand, i t  has been suggested  th a t  coagulase m ight be h e ld  to
p ro te c t  the  h o s t by l im it in g  the  spread  o f in fe d tio n  -  b u t th i s  
has no t been dem onstrated. I t  was s tu d ied  in  1935 i>y Menkin
and W alston, b u t th ey  found th a t  the  p r in c ip le  which 1 fixed*
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th e  s tap h y lo co cc i a t  th e  s i t e  of in v asio n  was n o t the same 
as th a t  which caused co ag u la tio n  in  v i t r o .
The in v e s t ig a t io n s  to  he desc rib ed  were c a r r ie d  out on 
s ix  s t r a in s  o f d i f f e r e n t  o r ig in s , belong ing  to  te n  phage ty p e s , 
as in  th e  p rev io u s  experim ent. T h e ir aim was to  d isco v e r i f  
any d if fe re n c e  could be shown in  th e  amount of coagulase 
produced, which m ight e x p la in  th e  d i f f e r e n t  c l i n i c a l  and 
ep id em io lo g ica l behav iour of th e se  s t r a in s  in  th e  h o s p i ta l  -  
p a r t i c u l a r ly  in  the  case o f phage type 80. The two k inds o f 
c lo t t in g  mechanisms c a l le d  "bound" and " fre e "  coagulase which 
were d e sc rib ed  by D uthie in  1954* were in v e s t ig a te d  s e p a ra te ly .
I t  was n o tic e d  by chance th a t  when th e  b ro th  c u ltu re s  used 
in  phage ty p in g  were l e f t  on th e  bench f o r  s e v e ra l  days, same 
tubes began to  show the  c h a r a c te r i s t i c s  o f ‘roughness* -  a 
g ra n u la r  d ep o sit a t  th e  bottom  of th e  tube  and a p e l l i c l e  on 
th e  su rface  o f the  c u ltu re ,  so th a t  a r in g  of growth was l e f t  
on the  g la s s  when th e  tube was em ptied. I t  was observed th a t  
c u ltu re s  of phage type 80 seemed to  show t h i s  change l e s s  o f te n  
th a n  th o se  of o th e r ty p es . This is: an in te r e s t in g  p o in t, 
because th e  work o f Sm ith, M orrison and Lcminski (1952) showed 
th a t  rough v a r ia n ts  on a p la te  were more a c tiv e  coagulase p roducers 
th an  organism s which grew in  smooth e o lo n ie s . In  order to  
compare th e  roughness o f th ese  s t r a in s  w ith  t h e i r  a b i l i t y  to  
produce th e  two kinds of coagu lase , a system  o f ,po in ts*  was 
worked o u t, in  which an a r b i t r a r y  number was g iven  fo r  the  amount
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of a) f r e e  coagulase b) bound coagulase and c) the  degree 
o f roughness. In  each case , th e  percen tag e  gained  by each 
s t r a i n  o f the  t o t a l  number o f *points* p o s s ib le  was reco rded .
As d e sc rib ed  below, i t  appeared from Table 19 th a t  s t r a in s  
o f phage type 80 produced le s s  f r e e  coagulase th an  th o se  o f 
o th e r  phage types in -v estig a ted . In  o rder to  s tudy  th i s  fu r th e r ,  
a  t i t r a t i o n  was c a r r ie d  out on a l l  th e  s t r a in s  being  in v e s t i -  
g a ted , in  which d im in ish ing  amounts of c u ltu re  were used. I t  
was hoped th a t  an a ccu ra te  en d -p o in t could be reached which 
would g ive more d e ta i le d  in fo rm a tio n  about the  amount of f r e e  
coagulase  produced by each s t r a in .
Methods,
a) F ree coagulase: Plasma ob ta ined  from th e  same donor was
used th roughou t. 1 m l. o f plasm a d ilu te d  1 in  10 was in o c u la ted  
w ith  te n  drops from an overn igh t b ro th  c u ltu re  o f the  s t r a in  to  
be te s te d .  4 x  -J- in .  tubes were used, and th e se  were incubated  
in  a w a te rb a th  a t  37°. They were examined a f t e r  th ey  had been 
incubated  f o r  1, 2 , 4  and 6 hou rs . The amount of c lo t t in g  was 
in d ic a te d  by a number. The system of numbering was as fo llo w s:
1 = g ra n u la r ;  2 = sm all c lo t=  3 = m oderate c lo t^  4 = s o l id  c lo t .
In  th e  t i t r a t i o n  o f  th e  amount o f coagulase produced, 1 ml. 
o f plasm a d i lu te d  1 in  10 was used as above. O vernight b ro th  
c u ltu re s  were d i lu te d  1 in  10 and 1 in  1000. 10 drops of each
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d i lu t io n  were added to  1 .ml. of th e  plasm a (u s in g  a p ip e t te  
made to  drop 50 drops to  1 m l .) so th a t  f i n a l  d i lu t io n s  were 
ahout 1 in  50, 500, 5000 and 50,000. The tu b es  were examined 
a t  2, 4,  6 and 24 hours h u t in  t h i s  case on ly  th e  p resence  or 
absence o f a  c lo t  was n o ted .
b ) Bound coagulase: The method used was th a t  d e sc rib ed  by
D uthie  (1954). C e lls  from 24 hour b ro th  c u ltu re s  were washed 
th re e  tim es in  sa lin e  and resuspended to  a s tan d a rd  d e n s ity  in  
s a l in e .  0°2 ml* of th i s  suspension  was added to  0*2 m l. o f 
0«2 bo^rine f ib r in o g e n  in  4  x J "  tu b e s . The rack  o f tubes was 
shaken in  a Kahn shaker f o r  15 m inutes and the  degree o f 
clumping th e n  read , u sing  a hand le n s  and d i r e c t  l ig h t in g .  I t  
was recorded  by an a r b i t r a r y  system  of numbers, I ,  2 , 3 and 4 .
S a lin e  was th e  d i lu e n t  used in  th e se  experim ents.
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R e su lts .
TABLE 19.
To Compare th e  Amounts of F ree  and Bound Coagulase produced 
by Ten S tr a in s  of S tap h y lo cc i w ith  the  Degree o f Roughness
Phage type F ree  Coagulase Bound Coagulase Roughness
11 t e s t s  -  12 t e s t s  -  9 t e s t s
44 p o in ts  p o s s ib le  44 p o in ts  p o s s ib le  36 p o in ts  po ss.
80 16 36 °3?o 28 63*6^ 5 13-SPS
52A/79 21 47*7 25 56*8 16 44*4
53/5  2A /6/7/ 
54/73/81 23 52-2 28 63.6 28 77-8
42D/77 54 77-3 26 59-1 24 66 »6
7/54 35 79*5 21 47-7 24 66*6
6 /7 /4 7 /5 3 /
54/75 30 68*1 22 75*0 25 69.5
6/47 36/36 100 26/36 72-2 25/32 78-2
52A 24 55-8 18 41*0 28 77-8
47/53/75/77 42 95-0 29 65*9 25 69.5
3A 43 97-7 32 72-7 20 55.5
Table 19 shows th e  t o t a l number o f "p o in ts ” given to  each
s t r a in ,  in d ic a tin g  th e  amount o f f r e e  and bound coagulase produced 
and th e  degree of roughness developed in  b ro th  c u ltu re s  which 
had been l e f t  on th e  bench f o r  7 days. I t  sppears th a t  the  
s t r a in s  of phage-type 80 te s te d  produced le s s  f r e e  coagulase than  
the  o th e r s t r a in s  and showed th e  change to  roughness le s s  o ften : 
th e  amount o f bound coagulase produced was average.
I f  th e  s t r a in s  which d o t t e d  f i r s t  in  th e  t i t r a t i o n  o f 
coagulase were recorded , th e  r e s u l t s  a r e : -
80 n i l
53/524/77/51/73/81 -  n i l
52A/79 -  n i l
42E/77 -  4
7 /54  -  4
6 /7 /4 7 /5 5 /5 1 /7 5  -  4
6/47  -  6
-  n i l
47/ 53/ 75 /77  -  5
34 2
I  n o tic e d  th a t  th e  s t r a in s  which appeared to  produce f r e e  
coagulase most slow ly and in  th e  sm a lle s t amount belonged to  
Group I .  I  d id  no t r e a l i s e  th e  s ig n if ic a n c e  of t h i s  u n t i l  I  
read  th e  paper by B arber and Wildy (1958) who remarked on th e  
same phenomenon. They found th a t  i f  serum or plasm a were added 
to  th e  growth medium, s tap h y lo co cc i of t h i s  group produced 
average amounts of coagulase.
C onclusions.
I f  th e  sm alle r amount of f r e e  coagulase produced by 
s t r a in s  o f phage type 80 can be accounted fo r  by th e  la c k  o f 
plasm a in  th e  medium, th e re  i s  no rem arkable d if fe re n c e  in  
s t r a in s  o f th i s  type as coagu lase-p roducers  and o th e r s t r a in s .  
C e r ta in ly  s tap h y lo co cc i of phage type 80 d id  no t appear to  form
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un u su a lly  la rg e  amounts which could  he taken  to  he re sp o n sib le  
fo r  i t s  c l i n i c a l  v iru le n c e . The on ly  d if fe re n c e  found which 
m ight be o f i n t e r e s t  was th e  f a i lu r e  of b ro th  c u ltu re s  to  
became rough when compared w ith  o th e r s t r a in s .  This was no t
due to  the  le n g th  of time s in ce  i s o la t io n ,  s in ce  th i s  was . '■ 
much th e  same in  a l l  c a se s . One wonders i f  i t  could have been 
a s so c ia te d  w ith  an a d d itio n a l a n tig e n  on the  su rface  of th e  
organism , o r w ith  some s o r t  o f cap su le .
3 . The Number of D if fu s ib le  A n tig en s .
T h is  tech n iq u e , which was adapted in  i t s  p re se n t form by 
E lek  and Levy in  1950, i s  used h e re  to  show th e  number o f  
d i f f e r e n t  d if fu sa b le  an tig en s  produced by one s t r a i n  of  S taph , 
au reu s . As the  a n t i to x in  i s  th a t  developed to  th e  s t r a i n  known 
as Wood 46,  the an tig en s  measured a re  only  those  which a re  a lso  
produced by th a t  s t r a in .  E lek  and Levy found th a t  th e  number 
o f f lo c c u la t io n  l in e s  produced by th e  in te ra c t io n  of a n tig e n  and 
an tibody  g iv es  a rough measure of the  amount o f to x in  p ro d u c tio n . 
Howard (1954) compared th e  number o f l in e s  produced by v a rio u s  
s t r a in s  w ith  t h e i r  p a th o g e n ic ity  fo r  m ice, and found them to  be 
r e la te d .  In  1956, Anderson c a r r ie d  out a s im ila r  in v e s t ig a t io n  
on 60 s t r a in s  f r e s h ly  is o la te d  from a c a su a lty  departm ent. He 
added pigm ent, f ib r in o ly s in ,  hya lu ro n id ase , a lpha  ly s in , 
haem olysin p a t te r n  and coagulase p ro d u c tio n  to  the  t e s t s  perform ed.
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He found th a t  th e  p r o d u c tio n  o f  h y a lu r  o n id a se , a lp h a  l y s i n  and 
mouse p a th o g e n ic ity  showed th e  c lo s e s t  c o r r e la t io n  w ith  th e  
number o f  f lo c c u la t io n  l i n e s .
The p r e s e n t  i n v e s t ig a t io n  i s  d es ig n ed  sim p ly  to  f in d  out i f  
th e  v ir u le n c e  o f  s t r a in s  o f  phage typ e 80 can be shown t o  be due 
t o  th e  p r o d u c tio n  o f  an unusual number o f  d i f f u s i b l e  a n t ig e n s .
M ethods
( 1 )  th e  medium used was th a t  d e sc r ib e d  by E le k  and Levy (1 9 5 0 )
( 2 )  A n t ito x in  was Burroughs Welcome Standard A n t ito x in  g lo b u l in s ,  
a t  a s tr e n g th  o f  1200 u n it^ /m l.
A s t r i p  o f  f i l t e r  paper soaked in  t h i s  was in co rp o ra ted  in  
th e  m ediun in  a 4" p e t r i  d is h . When th e  agar was s e t ,  th e  
s t r a in s  o f  s ta p h y lo c o c c u s  w ere s tr e a k e d  a c r o ss  th e  p la t e  a t  r ig h t  
a n g le s  to  th e  s t r i p .  P la t e s  w ere in cu b ated  in  3($> CO^  f o r  43 
hours and read  a f t e r  th e y  had been  l e f t  o f  th e  bench f o r  a fu r th e r  
48 h o u r s .
R e s u lts
Seven  p l a t e s  w ere pu t up, w ith  fo u r  d i f f e r e n t  s t r a in s  on each , 
b u t s t r a in s  o f  phage ty p e  80 on each  p l a t e .  The number o f  
f lo c c u la t io n  l i n e s  are  shown in  T ab le 20 . The average number o f
l i n e s  produced by 11 s t r a in s  o f  phage typ e  80 was 4*9, w h ile
t h a t  produced by th e  17 o th e r s t r a in s  taken  to g e th e r  was 5*5 
(D iffe ren ce  0*6, S .E . d if fe re n c e  -  2*03^). I t  i s  obvious 
th a t  s tr a in # o f  phage ty p e  80 d id  no t produce an abnormal 
number of d i f f u s ib le  an tig en s  when te s te d  a g a in s t th e  a n t i ­
to x in  to  Wood, 46.
TABLE 20.
To Comoare th e  Number o f F lo c c u la tio n  L ines produced by 13
S tr a in s  o f S taph . .aureus
Phage type No. of Phage type  No. of
f lo c c u la t io n  l in e s f lo c c u la t io n
( 1) 80 5 ( 5 ) 80 5
8 " 4 It 4
30 5 6 /7 /4 7 /5 3 /5 V 7 5 4
7/54 7 6/47 3
( 2) 80 5 ( 6) 80 5
it 5 52 7
47/ 53/ 75/77 4 6/47/75 6
524/79 7 52/52V 79 5
O00K"\
s _^ 5 (7 )  6/47 5
II 5 42D/77 7
29 3 3I/3C 6
6 /47/53 5 79/ 34/ 3^ / 7/ 42^ / 8
(4 ) 80 5
54/70
80 6
4 2 /7 7 6
7 /54 6
The p ro d u c tio n  o f t h i s  enzyne hy an organism may in c re a se  
i t s  v iru len c e  because o f i t s  a c t io n 'a s  a "sp read ing  fa c to r"  
allow ing  the  organism and i t s  p ro d u c ts  to  p e n e tra te  fu r th e r  
in to  th e  t i s s u e s  th an  would o therw ise be p o s s ib le . 
H yaluronidase i s  thought to  add to  the  v iru len ce  of c e r ta in  
c lo s t r i d i a  in  t h i s  way, and i t  seems p o s s ib le  th a t  i f  an 
unusual amount o f t h i s  substance were produced by a p a r t i c u la r  
s t r a in  o f staphylococcus th e  r e s u l t  m ight be an apparent 
in c re ase  in  v iru le n c e . T his was in v e s t ig a te d  in  1945 by 
Schwabacher, C u n lif fe , W illiam s, and H ale, who compared th e  
amount of h y a lu ro n id ase , coagulase and a lpha  ly s in  in  814 
s t r a in s  from h e a lth y  c a r r i e r  s i t e s  and from c l in i c a l  in fe c tio n . 
They came to  the  conclusion  th a t  "a lthough  hyalu ron idase  
p ro d u c tio n  i s  o fte n  a sso c ia te d  w ith  v iru le n c e , i t  i s  no t a 
m ajor f a c to r  in; determ in ing  th e  v iru len c e  of an organism ."
Lack and W alling (1954) a lso  included i t  among the  t e s t s  of 
v iru le n c e  th ey  in v e s t ig a te d  and came to  a s im ila r  conclusion . 
Anderson (195&) in  h is  comparison of v a rio u s  c h a r a c te r i s t ic s ,  
found th a t  th e re  was a s ig n if ic a n t  c o r re la t io n  o f hyalu ron idase  
and a lpha  ly s in  p ro d u c tio n  and mouse p a th o g e n ic ity . The 
method of e s tim a tin g  th e  amount of enzyme produced which was 
used in  b o th  th e se  s tu d ie s  was the  Mucin (Slot P rev en tio n  T e s t, 
desc rib ed  by McLean and H ale (1941) and McClean (1943).
T his techn ique was a lso  used in  th e  p re se n t in v e s t ig a tio n .
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M ethods.
H yaluronic  a c id  was p rep ared  from f r e s h  u m b ilic a l co rds, 
as d e sc rib ed  by McClean in  1943. O vernight b ro th  c u l tu re s  
o f th e  organism s to  be te s te d  were c en tr ifu g e d  and the 
su p e rn a ta n ts  d i lu te d  1 in  10, 20, 30, 40, 60 and 80 in  d i s t i l l e d  
w a te r . 0*5 m l. o f t h i s  enzyme d i lu t io n  was added to  a  row of 
tu b e s , each c o n ta in in g  1 v o l. hya lu ro n ic  ac id  so lu tio n , 1 v o l.
1 % serum album in s o lu t io n  and 2 v o ls . d i s t i l l e d  w ater, t o t a l l i n g  
1 m l. The, ra c k  was incubated  fo r  20 m ins. a t  37°C. and then  
q u ick ly  cooled in  ic e -c o ld  w a ter. A fte r  5 m ins. 0*2 m l. 2N 
a c e t ic  a c id  was added to  each tu b e . A ty p ic a l  mucin c lo t  
appeared in  th e  c o n tro l tube and any which con tained  no enzyme. 
The end p o in t o f th e  t i t r a t i o n  was the h ig h e s t d i lu t io n  of 
c u ltu re  showing no c lo t  or th re a d s .
R e s u lts .
In  Table 21 a re  shown th e  re c ip ro c a l  of th e  h ig h e s t 
d i lu t io n s  o f c u ltu re  su p ern a tan t a t  which the  form ation  of a 
mucin c lo t  was p rev en ted . 10 s t r a in s  belong ing  to  phage 
type  80 were compared w ith  10 o th e r s t r a in s ,  m ostly  d i f f e r e n t  
and m ostly  from  le s io n s .
TABLE 21.
A Comparison o f th e  Amount o f H yaluronidase Produced by 
S tr a in s  o f d i f f e r e n t  Phage Types
Phage type T i t  re  Phage type T i t  re
52V  79 15 80 20
7 /5 4  -  " 1 5
« -  " 10
« 1 5  n _
A2D/77 _ » 15
"  -  " 15
6/47  80 " 15
4 7 /55 /75 /77  30 " <10
6 /7 /4 7 /5 3 /5 4 /7 5  80 " 15
30 25 " 15
29 30 " 15
6 /47 /53  60 " 15
C onclusions.
Prom th i s  sm all s e r ie s  of s t r a in s ,  i t  appears th a t  
h y a lu ron idase  p ro d u c tio n  i s  not c lo se ly  a sso c ia te d  w ith  
c l i n i c a l  v iru le n c e , a t  l e a s t  where s t r a in s  of phage type  80 
a re  concerned. They d id  n o t appear to  produce abnorm ally 
la rg e  amounts of t h i s  enzyme in  v i t r o ,  and two s t r a in s ,
7 /54  and 42D/77, which were ab le  to  cause ty p ic a l  staphy 9 
lo c o cc a l le s io n s  in  v ivo , produced very  l i t t l e .
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5 . The R eduction o f M ethylene B lu e.
T his t e s t  i s  l i t t l e  used nowadays, hu t Lesbre and 
Jan s io n , who d esc rib ed  i t  in  1926, claim ed th a t  i t  had some 
a s s o c ia tio n  w ith  v iru le n c e . They compared th e  a c t i v i t y  in  
th e  re d u c tio n  of m ethylene b lue  of s t r a in s  o f staphylococcus 
deriv ed  from le s io n s  and from c a r r ie r  s i t e s ,  and found th a t  
th e  form er reduced th e  dye more quickly* McBroom, in  1937, 
found th a t  t h i s  p ro p e r ty  showed a c lo se  c o r r e la t io n  w ith  th e  
power to  ly se  r a b b i t  c e l l s .  I t  was, th e re fo re , thought to  
be w orthw hile  re v iv in g  th e  t e s t ,  and comparing th e  behaviour 
o f s t r a in s  o f  phage type  80 w ith  th a t  of o th e r s t r a in s  is o la te d  
in  C a rd if f  M ate rn ity  H o sp ita l .
Methods.
(1 )  M ethylene Blue was d i lu te d  1 in  1000 in  d i s t i l l e d  w a ter, 
and au to c lav ed . In  th e  t e s t ,  0*5 m l. of 1 i n  2000 d i lu t io n  
was added to  each tu b e .
(2 ) In  o rd er to  o b ta in  a  s tan d ard  inoculum, 10 m l. o f b ro th  
was in o c u la ted  w ith  0*5 m l. of b ro th  c u ltu re  and incubated  f o r  
24 hou rs . 0*5 m l. of t h i s  was added to  each tube o f  Methylene 
B ite  s o lu tio n ,
(3 )  The tubes were t i g h t ly  stoppered  and incubated  in  a 
w a terb a th  a t  37°C. They were examined a f t e r  hour, 1 hour and
15Q
2 h o u rs . The amount of re d u c tio n  was recorded  by numbers 
-4  = no t reduced , 3 = s l ig h t ly  reduced, 2 and 1 = g re a te r  
degrees o f re d u c tio n .
R e su lts .
Table 22 shows the  r e s u l t s  of two t e s t s  s e t  up on 
e ig h t s t r a in s  o f phage type 80 and s ix te e n  s t r a in s  o f 
e lev en  o th e r phage ty p e s , read  a t  ■§■ hour, 1 hour and 
2 hou rs . There i s  no evidence from th e se  r e s u l t s  th a t  
s t r a in s  o f phage "type 80 reduce m ethylene b lu e  more a c t iv e ly  
th an  o th e r s t r a in s .
TABLE 22.
The Average Degree o f Reduction of M ethylene Blue by S tra in s
o f D if fe re n t  Phage ty p es.
Phage type No. o f s t r a in s  Average degree o f
te s te d .  re d u c tio n .
80 16
■§■ hour 
3-9
1 hour 
3-6
2 hours 
2-6
6/47 4 3*1 2-1 2*0
30 4 3-0 1.9 2*0
47/53/75 /77 2 3*0 3*0 2*0
52A/79 2 3*0 2-5 2-5
42D/77 4 3*6 2-0 2.1
79/3A /3B /6/7 /42t/70 2 3*5 2-5 2*0
5 2/  52A / 6/  7/  54/  73/ 81 2 3-2 2*0 2*0
6 /7 /4 7 /5 3 /3 4 /7 5 2 3-0 2-0 2-0
29 4 4*0 2-5 2-0
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6 . The Production  o f  F ib r in o ly s in .
The amount o f  t h i s  enzyme produced hy co a g u la se  n e g a t iv e  
and p o s i t i v e  s t r a in s  from human and anim al so u r c es  was s tu d ie d  
by C h r is t ie  and W ilson  in  1941. They found th a t  most o f  th e  
c o a g u la se  p o s i t i v e  s t r a in s  w hich d id  n ot form f ib r i n o l y s i n  
w ere s tr o n g  a lp h a  l y s i n  p ro d u cers; and a l s o  th a t  t h i s  enzyme 
can be form ed by c o a g u la se -n e g a t iv e  and a lp h a  l y  s in -n e g a t iv e  
s ta p h y lo c o c c i .  C h r i s t i e ,  N orth  and P ark in  ( 1946) s tu d ie d  
f ib r i n o l y s i n  p ro d u ctio n  among th e  p r o p e r t ie s  o f  th e  thousand  
s t r a in s  th e y  t e s t e d .  S e lb ie  and Simon (1 9 5 2 ) and A nderson  
(1 9 5 6 ) c a r r ie d  out s im ila r  in v e s t ig a t io n s ;  the. form er found a 
s ig n i f i c a n t  c o r r e la t io n  betw een f ib r i n o l y s i n  p ro d u c tio n  and 
mouse v ir u le n c e , w h ile  th e  l a t t e r  d id  n o t . Levy, Rippon and 
W illia m s compared t h i s  a lo n g  w ith  o th er  p r o p e r t ie s ,  w ith in  th e  
th r e e  phage groups and found no d i f f e r e n c e ( 1953) .
Methods.
The method d e sc r ib e d  in  C h r is t ie ,  N orth  and Parkin* s  
paper (1 9 4 6 ) was fo llo w e d  h e r e . 1 p a r t  o f  plasm a in  7 p a r ts  
o f  n u tr ie n t  agar was h ea ted  a t  56UC fo r  5 m in s. and a p la t e  
pou red . When th e  agar was s e t ,  s ta b  in o c u la  were made from  
b r o th  c u ltu r e s  o f  th e  v a r io u s  s t r a in s  to  be t e s t e d .  The 
p r o d u c tio n  o f  f ib r i n o l y s i n  was shown by a c le a r in g  in  th e  opaque 
agar round th e  c o lo r y . Only one s t r a in  in  each  phage typ e was 
t e s t e d  in  t h i s  c a s e .
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R e s u lt s .
The r e s u lt s  are shown in  Table 23. I t  i s  obvious 
th at s tra in s  of phage type 80 do not owe th e ir  c l in ic a l  
viru len ce to  an unusually high production o f f ib r in o ly s in .
TABLE 23.
To Show th e  Amount o f  F ib r in o ly s in  Produced b y  D i f f e r e n t  
S t r a in s  o f  S ta p h y lo c o c c u s .
Phage type Area o f  
Clearing
Phage type
80 1 mm. 6/47
53/  52A/ 6/ 7/  54/  73/  81 1 mm. 52A
52A/79 1 mm. 47/53 /75 /77
4ZE/77 ( ly s in ) 1 mm. 3A
W W W l / b S B / W l O - 3§ /3C ( ly s in )
7 /5 4 3 mm. 71
^ 7 /4 7 /5 5 /5 i/7 5 1 mm. 3B
A rea o f  
C le a r in g
3 nm. 
1 mm. 
3 mm.
1 ran. 
3 mm.
7 . R esis ta n ce  to  P h a g o cy to sis .
When c o n s id e r in g  th e  p o s s ib le  m echanisms by w hich one 
s t r a in  o f  organism  may be more v ir u le n t  th an  o th e r s , one 
cannot ig n o re  th e  q u e s t io n  o f  s u s c e p t i b i l i t y  or r e s is ta n c e  
t o  p h a g o c y to s is  by polym orphonuclear le u c o c y t e s .  T h is  i s  
a co m p lica ted  s u b je c t ,  a s  th e  a c t io n  o f  th e s e  le u c o c y te s  
depends n o t o n ly  on t h e ir  power o f  e n g u lf in g  any fo r e ig n  
p a r t i c l e s ,  b u t a l s o  on th e  p r e sen ce  or absence o f  a n t ib o d ie s  
t o  th a t  p a r t ic u la r  s p e c ie s  in  th e  serum. I t  was th e  l e v e l  
o f  th e s e  a n t ib o d ie s  w hich  Almwroth W right (1 9 1 2 ) in v e s t ig a te d  
in  h i s  ” o p so n ic  index*’ t e s t .  He used  washed le u c o c y te s  from  
a h e a lth y  p erso n  and th e  serum t o  be t e s t e d ,  w ith  a normal 
serum as a c o n t r o l .  In  th e  p r e se n t  in v e s t ig a t io n ,  a s a number 
o f  s t r a in s  w ere b e in g  compared, b o th  le u c o c y te s  and serum  
were p rov id ed  by th e  same donor. In  each  t e s t ,  s e v e r a l  s t r a in s  
w ere exam ined a t  th e  same t im e , u s in g  th e  same b lo o d , one or 
two s t r a in s  o f  phage typ e  80 b e in g  in c lu d ed  in  each  b a tch . In  
t h i s  way, i t  was hoped th a t  th e  e f f e c t  o f  a n t is ta p h y lo c o c e a l  
a n t ib o d ie s  in  th e  serum would be a llow ed  f o r .  B lood from  a s  
many d i f f e r e n t  donors a s  p o s s ib le  was u sed . Whether a n t ib o d ie s  
cou ld  be phage typ e  s p e c i f i c  i s  not known, but th e  u se o f  
d i f f e r e n t  b lo o d s  would make t h i s  e f f e c t  l e s s  e v id e n t  i f  i t  were 
th e  c a s e .
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Method.
T h is  was adapted from  th a t  d e sc r ib e d  by Almwroth W right 
in  1912. B lood  was tak en  from a donor in to  c i t r a t e .  The 
s ta p h y lo c o c c i  to  be t e s t e d  were grown o v ern ig h t in  b ro th , 
c e n tr ifu g e d  and resu sp en ded  in  s a l i n e .  E qual volum es o f  
b lo o d  and t h i s  su sp e n s io n  were drawn up in to  a W rig h t's  p ip e t t e ,  
blow n out onto  a s t e r i l e  s l i d e  and m ixed. The p ip e t t e s  were  
th en  r e f i l l e d ,  p la c e d  u p r ig h t in  p l a s t i c in e  and in cu b ated  f o r  
1.5 m in u tes a t  37°C. The c o n te n ts  were th en  blown out once 
more and a smear made w h ich  was s ta in e d  w ith  Leishm ann1 s  s t a in .
The degree  o f  p h a g o c y to s is  was e s t im a te d  a s  f o l lo w s  
100 polym orphonuclear le u c o c y te s  w ere cou n ted , in  a rea s  w id e ly  
se p a ra ted  on th e  s l i d e ,  and the number o f  th e se  w hich  co n ta in ed  
s ta p h y lo c o c c i  was record ed  a s  the p e rcen ta g e  p h a g o c y to s is  in d e x ,
TABLE 2 4 .
To Show th e  A verage P ercen tage  P h a g o c y to s is  o f  D if f e r e n t  S tr a in s
o f  S ta p h y lo c o cc u s .
Phage typ e  N o i o f  s t r a in s  A verage D if fe r e n c e  S .E .
examined P ercen tage  D if fe r e n c e ,
P h a g o c y to s is
80 26 12*4 4»9 3 -4 2
o th er  ty p e s  30  17*3
The r e s u l t s  g iv e n  in  T able 24 , show th a t  w h ile  th e  
p e rcen ta g e  o f  le u c o c y te s  c o n ta in in g  s ta p h y lo c o c c i  was s l i g h t l y  
low er  in  s t r a in s  o f  phage ty p e  8 0 , th e  d i f f e r e n c e  in  th e  sm a ll  
number o f  s t r a in s  exam ined was n o t s ig n i f i c a n t .  In  th e  co u rse  
o f  t h i s  work i t  was n o t ic e d  th a t  i f  o v ern ig h t b r o th  c u ltu r e s  
were exam ined in s te a d  o f  3 hour on es, th e  p ercen ta g e  p h a g o c y to s is  
was c o n s id e r a b ly  h ig h e r . In  17 o ld  c u l tu r e s  exam ined, an  
average o f  44*2% le u c o c y te s  co n ta in ed  s ta p h y lo c o c c i,  w h ile  th e  
average was 10*3% w ith  young c u ltu r e s .  When an o ld  s t r a in  o f  
S tap h , a lb u s  was exam ined, 77$ o f  le u c o c y te s  c o n ta in ed  sta p h y ­
l o c o c c i ,  andi 59% in  th e  c a se  o f  a young s t r a in .  T hese  
f in d in g s  s u g g e s t  th a t  t h i s  m ethod, a lth o u g h  crude, i s  capab le  
o f  d em on stra tin g  a d i f f e r e n c e  in  th e  r e s is ta n c e  o f  d i f f e r e n t  
s t r a in s  o f  s ta p h y lo c o c c i  t o  p h a g o c y to s is .
8 . The Growth R ate.
I f  i t  co u ld  be shown th a t  organism s o f  one p a r t ic u la r  
s t r a in  had as a c h a r a c t e r i s t ic  th e  a b i l i t y  to  grow f a s t e r ,
( i . e .  t o  d iv id e  more o f te n )  th an  o th er  s t r a in s ,  t h i s  would  
g iv e  them v ir u le n c e  when th e y  invaded a h o s t .  I t  was 
thought w orth  w h ile ,  th e r e f o r e ,  t o  in v e s t ig a t e  th e  growth  
r a te s  i f  organism s b e lo n g in g  to  phage typ e 80 and to  compare 
them w ith  th o se  o f  oth er  s t r a i n s .
M ethods.
The t u r b id i t y  o f  b r o th  c u ltu r e s  was used  a s  an in d ic a to r  
o f  grow th , m easured p h o t o - e l e c t r ic a l ly  in  a nep h elom eter.
10 m l. tu b es  o f  b r o th  were in o c u la te d  w ith  0*5 m l. o f  an 
o v ern ig h t b r o th  c u ltu r e  o f th e  s t r a in s  to  be t e s t e d .  Growth 
cu rv es o f  fo u r  s t r a in s  were e s t im a te d  a t  th e  same t im e . The 
tu b e s  w ere in cu b ated  a t  37°C. and examined in  th e  nephelom eter  
e v e r y  hour fo r  7 h o u rs . The nephelom eter read in g  were 
record ed  and are shown g r a p h ic a lly  in  the accompanying d iagram s. 
No attem pt was made to  e s t im a te  th e  a c tu a l  numbers o f  b a c t e r ia  
p r e s e n t .
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R esu lts .
I t  may "be seen from the diagrams that s tr a in s  belonging to  
phage type 80 gave no evidence o f a more rapid ra te  o f growth 
than the other s tra in s  te s te d .
9 . Capsule Form ation.
The staphylococcus i s  not commonly described as having 
a capsule, but severa l workers consider th at they do occur, 
and a number o f s t ta in s  have been developed which are sa id  to  
demonstrate them. G-ilbert (1 9 3 0  iso la te d  an encapsulated  
staphylococcus which showed a w e ll-d efin ed  capsule and grew in  
very mucoid c o lo n ie s . I t  was h igh ly  v iru len t fo r  gu in ea-p igs, 
w hile a non-capsulated varien t which i t  produced, was not.
The capsule in  th is  case was b est seen against a background o f  
India ink. P rice and Kneeland (1954) described a mucoid Variant 
o f Staph, aureus which appeared on passage through embryonated 
egg. Antiserum to  th is  organism caused capsular sw ellin g .
There was no d ifferen ce  in  the v iru lence for mice of th is  s tra in  
compared w ith oth ers, or in  any other p ro p erties . In 1956, an 
account was published by the same authors o f a search fo r  capsules 
in  other s tr a in s . 39 were examined and 32 showed capsular 
sw ellin g  when te s ted  w ith  the anti-mucoid serum. The amount of 
capsular substance varied  from: s tra in  to  stra in , but i t  seemed to  
be the same a n tig en ic a lly  and quite unrelated to  v iru len ce . 
Organisms which did not produce coagulase or alpha ly s in  did not 
show capsular sw elling  and an tisera  to  them did not cause i t .
Lyons, who wrote a paper in  1937 on a n tib a c ter ia l immunity 
to  Staph, aureus had quite a d ifferen t view. He considered  
th at the v iru lence of an organism is  due to  i t s  invasiveness as 
w e ll as i t s  to x ig e n ic ity ;  as human white and red c e l l s  are known
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to  be immune to  the e f f e c t  o f  alpha to x in , the v iru len ce of 
staph ylococci fo r  man i s  more l ik e ly  to  be a ssocia ted  w ith  
th e ir  a b i l i t y  to  survive in  the body, fo r  example, by 
res is ta n ce  to  phagocytosis. Whether a staphylococcus i s  
taken up by leu cocytes depends, in  h is  opinion, on whether i t  
i s  encapsulated or not. Lyons was able to  demonstrate capsules  
in  young cu ltu res o f a l l  the s tra in s  he examined, using hanging- 
drop preparations and sta in ed  smears. The organisms in  th ese  
three hour cu ltu res appeared as capsulated d ip lo co cc i; the fa m iliar  
grap e-lik e  c lu s te r s  were only seen where there were no capsules -  
in  old cu ltu res , or s tra in s  grown in  serum (which for  seme reason  
in h ib ited  the formation of cap su les). These agglutinated  
spontaneously in  s a lin e . When capsulated s tr a in s , tox igen ic  
and non -tox igen ic , were incubated along w ith whole blood, they  
were taken up by the leu cocytes much more slow ly than the non­
capsulated s tr a in s , N on-toxigenic staphylococci were k il le d ,  
w hile the to x ig en ic  ones k il le d  the leucocytes and survived to  
produce fresh  capsulated forms. An anticapsular serum was 
developed, which was ty p e -sp e c if ic .
Since I had a lso  found that old cu ltu res were more rapid ly  
taken up by leucocytes than young ones (u sing  a method very  
sim ilar  to  that described by Lyons), I  was most in terested  to  
see i f  the la t t e r  could be shown to  be protected  by capsu les.
I t  a lso  seemed that th is  might be a way in  wh: ch stra in s  
v iru len t for man, such as phage type 80, could be shown to  be 
d iffe re n t from le s s  v iru len t ones.
Methods,
Several ways of demonstrating capsules were tr ie d ;  
s ta r tin g  w ith  the two described by Lyons, He used a hanging 
drop preparation mixed w ith 19$ "Collargol", ( c o l lo id a l  s i lv e r )  
and a s tr a in  for  smears using undiluated Carbol Fuchsin, 
counterstained w ith L o e f f le r 's  methylene b lu e, I  did not 
fin d  these methods as sa t is fa c to r y  as the common India ink  
background technique, (Handbook o f P ra ctica l B acterio logy by 
Mackie and MacCartney, 8th e d itio n  1950, p . 6 0 2 ) ,  or M uir's 
capsule s t fa in , ( ib id ,  p#97). These two methods were used on 
each s l id e  in  ny in v e s tig a tio n . Two other s ta in s  were a lso  
tr ie d ;
(1 )  Hale * s method for  sta in in g  acid muco-polysaccharides 
( 1946) -  modif ied by Berenbaum in  1955, who used "Ferrivenin'2 
as a source o f c o llo id a l iron ,
( 2 )  The P er iod ic-ac id  S c h if f  s ta in  for  mucopolysaccharies -  
KLigman and Mescon ( 1 950) .
N either o f these methods shows any trace o f a capsule round 
stap h ylococci. Film s were made from three hour broth cu ltu res  
o f  the s tr a in  to  be te s ted  and l e f t  to  dry on the bench.
R esu lts.
Obvious, w e ll-d efin ed  capsu les, such as were seen round 
pneumococci and F reid lan der' s b a c i l l i ,  were never found w ith  
any o f the s ta in s  used. I t  was common, however, to  see 'h a loes' 
round the c e l l s ,  p a r tic u la r ly  in  young cu ltu res , in  which the  
organisms were o ften  d ip lococca l in  arrangement. Old cu ltu res  
and rough cu ltu res did not show these haloes nearly  as often ; 
the c e l l s  in  th ese were sm aller and formed large c lu s te r s  and a 
good deal of amorphous debris was present in  the background. 
O ccasionally the haloes were well-enough marked to  deserve the 
name o f capsule. Sometimes well-marked capsules were seen  
round a few organisms in  a cu ltu re , w hile the m ajority showed 
no sign  of them. I found i t  very d i f f ic u l t  to  decide in  many 
cases whether capsules were present or not; the b est I  could 
do was to  g ive  an opinion on each film , not knowing whether i t  
was young or old , or which phage type i t  belonged to . Cultures 
were described as having capsu les, occasional capsules, haloes  
or no trace of e ith e r .
Table 25 shows the d is tr ib u tio n  of 22 stra in s  o f phage
type 80 in to  these four ca tegories compared w ith  42 s tra in s  o f
other typ es. There were 20 d ifferen t phage patterns among
th ese; most were obtained from the Routine Pathology department
of C ardiff Royal Infirmary and came from le s io n s , as did the
stra in s  of type 80. A ll  were examined as soon a fter  iso la t io n
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as p o ss ib le .
TABLE 2 5 .
The Number o f Staphylococci showing f<Capsulestf. A Comparison 
o f 22 s tra in s  o f phage type 80 and 42 other S tra in s .
Phage T ota l No. Capsules. Occasional Haloes. N il
type examined Capsules
80 22 2 1 16 3
others 42 9 9 18 6
Most o f th ese  s tra in s  were examined as w e ll in  the phago­
c y to s is  experiments already described. I  was in tere sted  to  
see i f  ’capjhLated* stra in s  were more res is ta n t to  phagocytosis, 
as Lyons described, where a l l  were young cu ltu res.
Table 26 shows the percentage phagocytosis index o f staphylococci 
grouped according to  th e ir  appearance when sta ined  fo r  capsu les,
TABLE 2 6 .
The Average Percentage Phagocytosis o f Young S tra in s according to  
the Degree o f Encapsulation.
Presence o f Capsules. No. examined. Percentage o f W .B.C.containing
staph ylococci.
Capsules 11 11*95
Occasional M 15 13*25
h a lo es*  34 9*4
N il  13 16*9
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C onclu sion s.
The d iscovery o f a layer  o f capsular m ateria l on the 
surface o f cer ta in  staph ylococci would have been most 
in te r e s t in g , e sp e c ia lly  i f  i t  were shown to  occur w ith a 
s tr a in  of unusual v iru len ce . However, there was no evidence 
th at any d e f in ite  capsules were found more o ften  in  one 
s tr a in  than another. Nor was there any evidence that the 
stra in s  which showed a kind of capsule were more r e s is ta n t  
than others to  phagocytosis. I t  is  not at a l l  cer ta in  that 
the haloes seen round the c e l l s  were in  fa c t  r ea l capsules, 
as B utt, Bomynge and Joyce (1936) describing the capsules 
about haem olytic s trep to co cc i sa id , "We are not convinced 
th at th ese zones represent in  th e ir  e n tir e ty  actual capsu les. 
I t  i s  p o ss ib le  th at the zones are evidence of surface tension s  
or propulsion  forces which may be in it ia te d  in  the reaction  of 
the capsular m aterial w ith the medium in  which the India ink  
p a r t ic le s  are suspended. But "non-encapsulated" b a cter ia  do 
not produce these zones in  sp ite  o f any of th ese procedures."
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Summaay and C onclu sion s.
In none of the experiments described in  th is  sec tio n  has 
i t  been p o ss ib le  to  show any d ifferen ce in  the behaviour o f the 
phage types te s ted  which could be associa ted  w ith  the d ifferen ces  
n oticed  in  the ep idem iological study, except th at two stra in s  
which produced le s s  alpha ly s in  than usual were shown to  have a 
lower in fec tio iq /le s io n  r a tio  than normal. S tra in s of phage type 
80 were not found to  produce any more o f the substances which 
are thought to  be a ssocia ted  w ith virulence than other s tr a in s .
The aspect which I think would be most valuable to  fo llo w  up 
would be th at o f res ista n ce  to  phagocytosis. This could occur 
e ith er  because o f the presence o f a h ith erto  undetected layer o f  
capsular m ateria l round the c e l l ,  or because of the production  
of an u su ally  powerful leu co cid in . Although no capsules were 
seen in  the simple m icroscopic examination carried out, th e ir  
presence i s  suggested by the p ers is ta n t "smoothness” of s tra in s  
o f type 80 in  o ld  broth cu ltu res when compared w ith  other s tr a in s .  
Dr. G-. P. Gladstone very kindly examined one s tr a in  of phage 
type 80 fo r  the production of P.V. leucocid in  by the method 
described by G-ladstone and van Heyningen (1957). He reported  
(personal communication) that the s tra in  examined produced 
abundant leu co cid in , but as no comparison was made with other 
s tr a in s , i t  i s  not known whether an unusual virulence can be 
attrib u ted  to  th is .
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Another study which might prove in ter e st in g  would 
he th at o f the mutation ra tes  of d iffe re n t s tr a in s .
I f  c l in ic a l ly  v iru len t stra in s  could he shown to  have a 
higher mutation ra te  than others, th is  might g ive  them 
an advantage over other s tra in s  by v ir tu e  o f th e ir  greater  
a d a p ta b ility  to  a new environment.
FIH&L CHAPTER
Since 1955* when the in v estig a tio n s  described in  th is  
paper were completed, a great deal o f work has been carried  
out in  the staphylococcal f i e ld  and severa l important advances 
made. One of the most s tr ik in g  d ifferen ces  has been in  the 
amount o f in te r e s t  shown gen era lly  in  the su b ject. This i s  
a r e su lt  o f the increasing importance and d if f ic u lt y  o f the 
problem, which may be seen from the number o f conferences and 
seminars which have recen tly  been held on staphylococcal 
c r o ss - in fe c t io n  in  h o sp ita ls . In 195& there was a symposium 
on staphylococcal in fec tio n s  under the auspices of the New York 
Academy o f S cien ces. In 1957 one was held  in  London on 
H osp ita l Coccal In fec tio n s  and another in  Cleveland, Ohio, 
on Staphylococcic In fec tio n s . In 1958, again in  the United  
S ta te s , there was a N ational Conference o f H ospital-acquired  
Staphylococci.
I t  would be unwise to  attempt to  d iscuss a l l  the recent 
work on the staphylococcal problem here. The b est that can 
be done i s  to  g ive  an o u tlin e  o f the work th at has been carried  
out sin ce  1955 and in d icate  which, in  ny opinion, are the most 
important asp ects.
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(1 )  The Increase in  Phage typing and D iscover ies  about the
Behaviour o f D ifferen t Phage ty p es .
Phage typing was used at f i r s t  more e x te n s iv e ly  in  B r ita in  
and A u stra lia  than in  other countries, hut even there i t  was 
only carried  out in  cer ta in  cen tres. In the la s t  few years i t  
has heen p ractised  w idely  in  the United S ta tes  and has been 
introduced in to  many other countries and in to  regional 
lab orator ies  in  B r ita in . The a v a ila b il ity  o f th is  invaluable  
method o f id en tify in g  staphylococci has made the stu^y of  
h o sp ita l outbreaks much more in tere stin g  and rewarding and has 
increased our knowledge o f the behaviour o f the d ifferen t phage 
typ es. I t  i s  through the widespread use o f th is  method, for  
example, th at we have become aware o f the pandemic of in fec tio n  
w ith  phage type 80. In the la s t  two or three years much more 
work has been published in  America on staphylococcal in fec tio n s  
than before, and the increase in  the use of phage typing has 
probably contributed to  t h is .
( 2 ) The Spread o f H osp ita l Staphylococci to  the Community.,
This i s  a subject which has been most thoroughly in v estiga ted
in  the United S ta te s . Colbeck 1949, in  Canadajhad noticed  that 
a number o f cases o f b o ils  and pu stu les arose in  the fa m ilie s  of 
p a tien ts  who were in  h o sp ita l during the epidemic which he had 
described. Hurst (1956) found that 14 out of 21 babies s t i l l  
carried  the a n t ib io t ic -r e s is ta n t  staphylococci they had acquired
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in  h o sp ita l a fter  they had been at home fo r  s ix  months. In  
A u stra lia  in  the same year, T aft described the increasin g  
incidence o f pneumonia in  b ab ies, and showed th at 10 out o f  
20 p a tien ts  came from m aternity u n its  where staphylococcal 
in fe c t io n  had been epidem ic. Several workers have commented 
on the increase in  th is  d ise a se : -  Wallman, G-odfrey and Watson
(1955) and D isney, W olff and Wood (1956) from th is  countiy and 
Beavan and Buriy (1956) from New Zealand. Hutchison and Bowman 
(1957) and Shaffer e t  a l .  (1956) both drew a tten tio n  to  the 
danger o f spread from in fa n ts  sent home from h o sp ita l carzying  
a n t ib io t ic -r e s is ta n t  stap h ylococci. Ravenholt and h is  co lleagues  
in  S e a tt le  -  Ravenholt and LaVeck (1956) and Ravenholt, Wright 
and Mulhern (1957) made a study of th is  problem by in s t itu t in g  
a survey by telephone of in fe c t io n  in  mother and baby a fter  they  
had l e f t  h o sp ita l. They found th at a considerable amount of 
se p s is  was occurring which would otherwise have been undetected. 
During one month there was a ra te  for in fant pyoderma o f 1 ^  
and for maternal m a s t it is  o f 4 #3&. F ive of the forty-one  
ch ildren  bom  during th is  month and dying before the age of three  
months were proved to  have died o f staphylococcal d isease .
The most recent in v e stig a tio n  i s  th at reported by 
Wentworth, M iller  and Wentworth (1958). For f iv e  months 
they studied the fa m ilie s  o f 26 children in fec ted  w ith
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type 80 during a nursery outbreak. o f the mothers and
yjfo o f the fa th ers, brothers and s is t e r s  were found to  acquire 
th is  s tr a in  and 11 fa m ilie s  were found s t i l l  to  be in fec ted  at 
the end o f the study. 10/o of parents and 7Q2& of s ib lin g s  
developed sk in  in fe c t io n s  and ab scesses. The authors comment 
th at i f  th ese  fin d in gs are accurate, a ser iou s increase in  the 
le v e l  o f the community staphylococcal d isease  w i l l  fo llo w  any 
uncontrolled nursery outbreak. In th is  event, the "crude 
equilibrium between the pu b lic  at large and the ubiquitous 
staphylococcus" referred  to  by McDermott (1956) as appearing to  
be r e la t iv e ly  stab le  at that tim e, might w e ll be sh ifted  in  
favour o f the staphylococcus and r e su lt  in  an absolute Increase 
in  the le v e l  o f epidemic community d isease .
These American workers a l l  s tr e s s  the importance of
a) term inating nursery outbreaks as soon as p o ss ib le  for  the 
b e n e fit  o f the community as w e ll as of the p a tien ts  them selves, 
i f  necessary by the widespread use of a n t ib io t ic s  (S haffer  e t  
a l . ,  1956) and b) o f making staphylococcal d isease outside  
h o sp ita ls  reportable, so that the occurrence o f a h o sp ita l-  
derived outbreak in  the community could be recognised and 
treated  as a public h ea lth  problem.
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(3 )  New Stud ies of the Mechanism o f C ro ss-in fec tio n .
A great deal o f work has been done on th is  subject, 
p a r tic u la r ly  in  th is  country. Much o f i t  r e la te s  to  h o sp ita l  
c r o ss - in fe c t io n  in  general, not s p e c if ic a l ly  to  in fec tio n s  in  
m aternity h o sp ita ls . The work o f Blowers, and Wallace
(1955) on the d is in fe c t io n  of blankets may be mentioned, of 
Colbeck (1956) on m attresses and baths, o f Frappier and 
Bavignon-Frappier (1957) on bedding and of Schwabacher, Salsbury  
and Fincham (1958) on b lan kets. S tudies s p e c if ic a l ly  on the 
subject o f nursery c r o ss - in fe c t io n  were those of Hutchison and 
Bowman (1957)> Wysham, Mulhern, Navarre, LaVeck, Kennan and 
G-iedt (1957) £018 Baldwin e t  a l ,  (1957). These workers came 
to  the conclusion  that the most important spread o f Staph. 
aureus was from the babies them selves. Cook, Parrish and 
Shooter (1958) in v estig a ted  the e f f e c t  o f various nursing 
techniques on the proportion o f babies carrying staphylococci 
in  th e ir  noses on the 12th  day o f l i f e .
Many stu d ies  have been made of the carriage o f staphy­
lo c o c c i. A large proportion o f these have been on the 
r e la t iv e  importance o f n asal carriers among the s t a f f  in  
nursery outbreaks: Clarke, McGeogh and Sippe (195&), Hutchison
and Bowman (1957)* MacCartney and Y ates, (195&)* Munro and 
Markham (1957) and Baldwin e t  a l .  (1957). Opinions varied,
from those o f MacCartney and Yates who considered th at 
naso-pharyngeal ca rr iers  were the main source o f epidemic 
staph ylococci, to  those o f Burnett and h is  co-workers (1958) 
who came to  the opposite conclusion. Several workers found 
th at the ap p lica tio n  o f ointments containing a n t ib io t ic s  to  
the n o s tr i ls  of nasal ca rr iers  was a u se fu l measure in  the 
term ination o f an outbreak. Nasal carriage per se was the 
subject of papers by G-ould (1955), Clarke (1957), and Hutchison 
Green and Grimson (1957)* A ttention  was a lso  drawn to  other 
s i t e s  o f ca rr ia g e :- the faeces by Brodie, Kerr and Sonm erville
(1956), M athias, Shooter and W illiams (1957); and the perineum 
by Hare and R idley (1958).
( 4 ) Recent Developments in  the Prevention o f Staphylococci
C ross-In fect ion .
The in ten siv e  work thus summarised was a l l  designed to  
fin d  out more about staph ylococci c r o ss - in fe c t io n  in  order to  
discover how to  prevent i t .  A number o f new techniques are 
now used in  seme u n its  as a r e s u lt : -  the use o f d is in fec ta n ts  
for  bathing bab ies, tr ea tin g  um bilical cords and nurses* hands, 
and o f ind iv idual gowns for  the care o f each baby. But the 
most important fa ctor  in  the prevention of c r o ss - in fe c tio n  w ith  
Staph, aureus in  nurseries and elsewhere, which has been 
stressed  again and again, i s  a return to  the s t r ic t  methods 
of asep sis  which were e s s e n t ia l  before the discovery of
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a n t ib io t ic s .  One of the most far-reach ing r e su lts  o f the  
recent conferences ha<£ been to  s tr e s s  the fa c t  that prevention  
o f  staphylococcal c r o ss - in fe c t io n  i s  a challenge to  h o sp ita l  
adm inistrators, not only to b a c te r io lo g is ts . The s e t t in g  up 
o f C o n tro l-o f-in fec tio n  Committees; the appointment o f a 
C o n tro l-o f-in fec tio n  o f f ic e r ,  the keeping o f accurate records, 
the reporting o f a l l  se p s is  •whether in  p a tien ts  or s t a f f ,  are 
a l l  adm inistrative measures (May 1957). I t  i s ,  as the authors 
o f the r ecen tly  published report o f the M in istiy  o f Health  
Subcommittee on Staphylococcal In fec tio n  in  H osp ita ls (1959) 
p oin t out, the duty of the h o sp ita l a u th o r itie s  to  provide the 
necessary tra in in g  of s t a f f ,  the s t e r i l iz in g  equipment and 
m a ter ia ls , the c lean  a ir  and adequate space, without which no 
b a c te r io lo g is t  or c l in ic ia n  can hope to  prevent c r o ss -in fe c tio n . 
This new a ttitu d e  to the problem i s ,  in  my opinion, one o f the 
most important o f the recent developments in  the campaign to  
defeat t h is  modern scourge o f h o sp ita ls .
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SUMMAET AND CONCLUSIONS
The epidemiology o f Staph, aureus wgls in v estig a ted  in  
two m aternity h o sp ita ls  between November, 1954 and January 1956. 
In the course o f th is  work a number o f conclusions were reached:
I .  That c o lo n iz a tio n  o f b ab ies  occurs in  two types o f 
ep id em ic :- a) in  which one p a r t i c u la r  s t r a in  i s  w idely  
d issem in a ted , m ainly  sp read ing  from one baby to  an o th er; and
b ) in  which th e  epidem ic s t r a in  i s  in troduced  by a n a sa l  
c a r r i e r  who in fe c ts  b a b ie s  d i r e c t ly .  T his type o f epidem ic 
ceases when th e  c a r r ie r  le av es  th e  u n it ,  so i t  i s  l ik e ly  th a t  
th e  spread  i s  m ainly from nurse  to  baby.
I I .  The most im portan t s in g le  fa c to r  in  baby-to-baby spread  
i s  the  p resence  in  the  n u rse ry  o f a r e s e rv o ir  o f in fe c t io n  where 
s tap h y lo co cc i a re  m u ltip ly in g  f r e e ly .  C ro s s - in fe c tio n  can 
e a s i ly  tak e  p lace  b o th  by co n tac t and by a irb o rn e  spread  every  
tim e th e  baby i s  handled, b u t in  my opin ion  the  hands and 
c lo th in g  o f th e  s t a f f  a re  th e  most common means o f spread .
I I I .  That a l l  th e  s t r a in s  w ith in  the  sp ec ie s  S taph , aureus 
a re  no t e q u a lly  v i r u le n t .  The only way we have o f d e te c tin g  
v i ru le n t  s t r a in s  a t  th e  moment i s  by f in d in g  out which phage 
type  i s  re sp o n s ib le  f o r  the le s io n s  in  each sep a ra te  epidem ic. 
C a r r ie rs  o f th i s  s t r a in  must th en  be looked fo r  among s t a f f  
and p a t ie n ts  and t r e a te d  or is o la te d .
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